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THE  TERPENB  OILS  OF  MANILA  ELEMl. 


J!y  A.  M.  Cr^ivKK, 
'licul   J.filiuralory,   ISuiccti  'if   t 


INIJIODUCTIOK. 


The  name  elemi  ia  commonly  applied  to  a  iiuinlier  of  resinous  prod- 
ui'ts  obtained  from  different  coimtricfi  and  having  a  different  botanical 
origin.  The  species  from  wliieh  most  of  tlie  varieties  are  derived  is  un- 
known, but  there  appears  to  be  little  doubt  l)ut  that  they  are  all  to  be 
referred  to  the  general  order  of  Ihirseracew.}  From  Mexico,  Central 
America,  Brazil,  Oiiyana,  Africa,  and  the  Philipine  Islands,  products 
known  as  eUmi  find  their  way  into  European  markets.  A  common  c!iar- 
acteristic  of  the  different  vari<!tics  is  that  they  all  contain  a  good  propor- 
tion  of  volatile  oil.  Furtlier,  from  the  incomplete  data  to  be  foun<l  in  the 
literature,  it  appears  that  nearly  all,  if  not  all,  yield  a  good  proportion 
of  crystalline  substances  when  they  are  treated  with  alcohol,  in  which 
the  crystalline  portion  is  only  sparingly  soluble. 

According  to  Gildemeister  and  Hoffman,^  elemi  was  known  in  Europe 
in  the  fifteenth  century  and  used  for  medicinal  purposes.  It  is  still 
used  in  Europe  medicinally  in  the  preparation  of  ointments  and 
plasters  and  is  also  said  by  different  authors  to  have  a  limited  use  in 
the  manufacture  of  lacs  and  varnishes  for  imparting  toughness  to  these 

I  Morrill :  The  .Source  of  MiihiIh  Elemi,  Publ.  Bur.  (Jovt.  Lahs.,  Manila,  ( 1005) , 
29,   51-55. 

'Die  Aertherisdien  Oelc.     Berlin  (1809),  042. 
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products.  Wiesner "  states  that  it  has  recently  come  into  use  in  the 
preparation  of  lithographic  inks.  The  total  consnniption  of  the  product 
is  not  Jarge,  and  tho  greater  part  of  the  worhTs  supply  is  at  present 
derived  from  the  Philippine  Islands,  this  product  being  commonly  known 
aa  Manila  elem% 

Manila  elemt — The  resm  is  derive  1  from  the  species  Caxarium  luzo- 
mcum  This  tact  has  p  iitnel)  been  determmtl  from  an  abun- 
dance of  botanical  material  obtained  bj  myself  and  reliable  collectors 
and  BTibmitted  to  Mr  Merrill  the  botanist  of  the  Bureau  of  Science. 
A  Tschirch  and  J  Cremer  *  ha^e  recently  arn^etl  at  tht  dtfinito  conclu- 
sion that  Manila  elemt  i**  denvel  from  Canarwn  commiii  e  1  Their  con- 
clusion 18  the  result  of  an  examination  of  samples  of  M>mla  elemi  and 
resm  obtained  by  one  of  the  authors  m  India  from  the  sptcies  Canarium 
commune  and  is  based  upon  a  comparison  of  the  general  properties  of 
the  two  pioducts  as  well  as  of  the  crystalline  «ul-itinces  isolated  there- 
from. So  far  as  their  work  went  they  were  unable  to  note  any  differences 
between  the  two  products. 

The  tree  Canarium  hnonx-cum  is  quite  widely  distributed  in  the 
Philippine  Islands  and  is  known  by  the  Tagalogs  as  pili.  There  are 
two  closely  related  species  designated  as  pilt.  Canarium  luzonicum  bears 
a  small  nut,  while  the  other,  which  has  been  identified  by  Mr,  Merrill  as 
Canarium  pathyphyllum,  bears  a  ninch  larger  one,  produces  resin  in  only 


never  used  by  the  nativ 


very  small  amounts,  and 
latter. 

Pili  resin  is  commonly  joio 
by  the  natives  indiscriminat 
obtained  by  removing  a  na  ro 
trunk  of  the  tree  in  four  or  fi 
fluid  soon  appears  about  the     p 
viscous  and  opaque.     The  ai 
gradually  falling  several"  incl      bel      th 
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ens  on  the  outside  and  gener  llj  t  k 
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THE   Ti:nrENE   OILS   OF   MAN1U\.   ELKMl.  -i 

trunk.  Tho  rcfiin  iiiKla  considerable  use  among  the  nativea  as  an 
illuminant,  for  which  |nir}iose  it  is  rollwl  in  a  pnhii  leaf,  or  better, 
in  the  fibrous  part  of  the  tnink  of  tlie  roimg  coconut  tret?.  For  such 
purposes  it  behaves  ver\'  similarly  to  pine  i)itch,  antl  a  larjje  torch  of  it, 
usetl  especially  by  fishermen,  gives  a  light  which  can  be  seen  nt  a  great 
distance  and  which  burns  for  many  hours. 

As  ordinarily  gathered  for  commerce,  the  resin  is  soft,  sticky,  and 
opaque,  has  a  slightly  yellow  color,  and  a  very  agrwablo  odor.  It  has  a 
spicy,  somewhat  bitter  taste.  If  left  exposed  to  the  air  for  some  time, 
it  gradually  hat-dens  throughout  and  finally  becomes  brittle.  The  resin 
dissolves  readily  and  completely  in  ether,  chloroform,  and  benzene,  except 
for  the  separation  of  a  small  amount  of  water  which  it  eoiitains  and  also 
a  very  small  amount  of  a  white,  granular  suhstuuee.  In  acetic  ester, 
acetone,  ligroln.  methyl  and  ethyl  alcohol  it  does  not  dissolve  completely 
unless  sufficient  solvent  is  used.  With  these  solvents  a  white,  crystalline 
residue  remains  which,  witli  the  use  of  alcohol  in  limited  quantity, 
amounts  to  alwut  25  per  cent  of  the  total.  This  insoluble,  crystalline 
l)ortion  of  elemi  resin  has  been  the  subject  of  considerable  i^tiidy  and  will 
be  referred  to  again  briefly  in  this  paiM-r.  Very  soft  Manila  elemi  contains 
u  fonsiderahio  amount  of  water,  less  than  5  i>er  cent  however,  while  that 
wJiich  has  collected  on  the  tree  for  a  length  of  time  contains  very  little. 

Klumi  oil. — Tho  volatile  portion  of  demi  resin  designated  as  eleriU 
oil  has  long  been  known  to  ehemiets.  It  is  generally  obtained  by  steam 
distillation  of  the  resin.  Gildemeistor  and  Hoffman  state  that  tho  com- 
mercial product  in  prepared  from  Manila  filcmi  exclusively,  although  in 
most  cases  where  this  oil  has  been  used  in  chemical  investigation'  there 
seems  to  ho  much  doubt  as  to  its  origin     At  present  it  has  little  use 

Tlie  oil  nSB  first  studied  bi  Sti-nliou^p'  wlio  prepaied  it  bj  distiHiiijt  the  bald 
resin  with  steam  The  viriet>  of  re«iin  emploied  i^  not  ghen  He  obtained  a 
Meld  of  onlv  35  per  cent  of  oil  and  given  its  boiling  point  as  1(16°  and  its 
apeciflc  graiitj  as  0  852  at  24°  Hi^  nnahsis  showed  the  oil  to  be  oiygen tree 
DeMlle'  found  that  the  pereenta|,e  of  oil  obtained  from  the  resin  depended  upon 
whether  it  wai  fresh  and  "ott  oi  had  become  harilencd  b>  long  contact  with  the 
air  From  resin  of  good  qualiti  he  obtained  n  per  cent  of  oil  He  deBcrjbes 
the  oil  as  having  a  specific  gravity  of  0  840  at  11°  an  index  of  refraction  of 
14710  at  14°  and  a  rotation  of  —90°  5  The  product  boiled  lery  constantly  at 
1(4°  and  'jnalysiB  shoned  it  to  contain  no  ov^gen  By  treating  the  oil  with 
hjdrochloric  acid  gas  he  obtained  a  eivstalline  subatant*  «hich  was  opticallj 
inactive  lut  concerning  which  he  obtiined  no  further  data  No  statement  is 
made  concerning  the  origin  of  the  rc*iin  «hich  he  used 

In  1888  Wallach'  detected  phellandrene  in  flemt  oil  but  does  not  mention  the 
source  of  the  oil  'Shortly  afterwards  W  allach  '  studied  the  oil  more  earefuUv  and 
in  this  ease  also  doe^  not  state  the  origin  of  the  oil  with  which  he  worked      It 

'Ann.  Gkem.  {Liebig)    (1840),  35,  304. 
'Ibid.   (1849),  71,  352. 
'/6W.    (1888),  246,  233. 
'Ibid.    (1880),  252,   102. 
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was  dextro-roiatorj  ^'"^  slowed  a  spLiifio  gravity  <jf  0  900  and  an  inde\  of  refrao 
tion  of  1  485''''  at  20  After  fraetionatioi  a  good  quantit\  >f  the  nitrite  of 
dextro  phellandrene  was  obtained  from  that  [ortion  boiling  belon  1~5°  In  the 
,  portion  boiling  from  175  to  180°  he  tsoHted  a  large  amount  of  dipentene  tetra 
bromide  b}  treating  it  with  bromine  in  acetic  acid  He  recommends  the  use  of 
the  oil  for  the  preparation  of  dipentene  derivatiies  He  points  out  thit  the  crvtal 
line  hydrochloride  obtained  b>  Duille  uas  dipentene  dih\  Irochloiile  ^allaeh 
detected  no  oil  er  aubstances  in  tl  e  oil  tut  states  that  it  cont.iined  a  good  portion 
of  higher  boiling  matter  whiel  split  off  iiater  during  tie  distillation  During 
the  rectification  of  tl  e  oil  he  freqiientl>  noted  the  appetr  nee  of  fine  needle 
(ike  crystalfi  These  he  c  nnected  mth  the  ervstalhne  constituents  of  elein 
These  crjstals  will  be  referred  to  later  in  connection  with  ray  own  results 

Prom  the  data  given  b)  A^alKth  it  appears  that  the  oil  with  which  he 
worked  was  distilled  from  the  resm  at  a  timperatiire  much  aho(e  100° 
for  it  will  be  shown  later  that  "Manili  rlemi  ctntams  a  good  proportion  of 
high-boihng  oxygen  containing  oil  having  a  higher  specific  gravity  and 
refractive  index  than  the  low  boiling  terpene-containing  portion  This 
high-boilmg  oil  is  not  removed  from  the  resin  except  at  higher  temper 
aturcs  Th(  oils  woiked  with  b^  Stonhouse  and  Devillc  a"  they  arc 
described  contained  nont,  of  this  hie;h  boiling  oil  anl  weie  probalh 
removed  from  the  resin  at  100 

Soliimrael  &  Co  in  their  semiannual  report  f  Oct  ber  IsH  pullisl  a  i  e 
observations  cineerning  the  I  igher  boiling  portions  of  (em  ol  The>  isolated 
a  product  most  of  which  pased  over  from  160°  to  161°  at  10  millimeters  At 
ordinary  presHure  it  boiled  from  2"0  to  280  It  was  iptieillv  inactive  and  liad 
a  specific  gravity  of  1043  at  15  Thei  d  1  not  mike  in  analysis  Tie  4pril 
18P7,  repoit  of  tie  same  firm  gnes  tie  folo  i  g  I  ta  tncer  ing  '  i  oil  i 
determit  id  by  then 

Yield  of  oil  from  rai   n  ater  al    I'i  to  tO  per  c  nt 

Specific  gravity  at  15°   0  8    to  0  11 

Optical  rotation,  +45°. 

Tsohirch  and  Cremec '  have  distilled  Manila  elemi  as  well  as  other  varieties 
of  elemi  with  steam  and  obtained  oils,  but  the  very  meager  data  which  they  give  do 
not  enable  one  to  decide  what  differences,  if  any,  exist  in  the  different  oils.  The 
oil  from  Manila  elewi  constituted  nearly  20  per  cent  of  the  original,  soft  resin. 
Tlie  major  portion  of  it  boiled  from  170°  to  175°,  this  distillate  showing  the 
remarkably  high  specific  gravity  of  0.955,  which  figure  seems  almost  incredible. 
Beyond  175°  a  thicker  oil  passed  over.  The  fraction  from  175°  to  210°  deposited 
white,  needle-like  crystals  on  standing;  these  crystals  melted  at  170°, 

EXPERIMENTAL. 

The  following  work  concerns  only  the  volatile  constituents  of  Manila 
elemi;  that  portion  consisting  of  terpenes  and  sesquiterpenes  and  their 
derivatives,  which  can  be  removed  by  distillation  from  the  resin  without 
decomposition  of  the  latter.  In  a  preliminary  examination  of  a  sample 
of  elemi  sent  to  the  Bureau  of  Science  from  outside  of  Manila,  it  was 
found  that  the  low-boiling  constituent  of  the  oil  obtained  therefrom  was 
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pliellandrcne,  boiling  in  vaaio  almost  coinplpteiy  witliin  one  degree  and 
pure  so  fur  as  it  was  possilile  to  deteriiiino.  To  be  able  to  obtain  this 
substance  so  pure  and  in  considerable  quantity  would  be  of  especial 
advantage  in  studying  tbc  constitution  of  this  terpene  and  it  was  decided 
to  take  lip  this  problem.  Tt  was  thought  that  tlic  oil  employed  by  previous 
workers,  which  evidently  was  only  partly  phellandrene,  had  become  al- 
tered on  account  of  the  age  of  the  i-esin  or  was  derived  from  a  different 
variety  of  resin.  A  good  quality  of  commercial  elenii  was  obtained 
from  a  dealer  in  Manila  and  the  oil  removed  from  a  portion  of  this  by 
■  steam.  When  redistilled  twice  in  vacuo  it  boiled  from  88°  to  90°  at 
50  millimeters  and  from  17;f°  to  175°  at  ordinary  pressure.  The  optical 
rotation  was  as  follows:'"  a^  — 55°.2.  Its  boiling  [wunt  was  a  little 
higher  than  that  of  the  previous  oil  and  was  not  so  constant.  The  oil 
gave  a  precipitate  of  phellandrene  JiJtrite  when  it  was  treated  with 
nitrous  acid  in  the  cold;  on  filtering,  this  product  was  somewhat  gummy. 
On  treatment  with  bromjne  in  old  acLtic  acid,  a  crystalline  bromide  was 
obtained  which  ifter  recrystalli/m^  melted  at  130°.  The  oil  was 
evidently  not  pure  phellandrene  ind  appeared  to  Itc  a  mixture  of  phel- 
landrene and  lipentcuo 

A  new  quantity  of  elemi,  was  then  ottaincd  from  another  dealer  and 
the  0:1  derncd  from  thi*!  m  the  same  way  as  the  last,  boiled  from  93° 
to  94°  5  at  51  miUmRtcis  and  from  IT'i"  to  177°  at  ordinary  pressure, 
n  U  —  +  ^^°  2  The  oil  ga\  e  1  precipitate  of  phellandrene  nitrite, 
small  in  amount  With  bromine  in  acetic  acid,  a  crystalline  bromide  was 
obtained  which,  after  recrystallizing,  melted  at  lO.T  to  104°,  and  was, 
accordingly,  limonene  tetrabromide. 

A  fresh  sample  of  re'<in  sent  from  the  Province  of  Tayabas  yielded  an 
oil  boiling  from  &0°  to  81°..^  at  38  millimeters,  accordingly  about  3° 
below  the  boiling  point  of  limonene,  a^  =  -f  122°.  It  gave  a  heavy 
precipitate  of  phellandrene  nitrite  and  no  crystalline  bromide  when 
treated  with  bromine  m  acetic  acid.  It  appeared  to  be  almost,  if  not 
quite,  pure  phellandrene 

I^ater,  two  small  fre«h  samples  taken  from  single  trees  and  sent  to 
the  laboratory,  with  botanical  material  for  identification  of  the  species, 
■«ere  examined  The  oils  were  removed  and  purified  as  before.  One  of 
these  gave  no  phellandrene  nitrite  but  a  crystalline  bromide  having  a 
melting  point  of  104°  to  105°  was  obtained.  The  other  gave  a  very  heavy 
precipitate  of  phellandrene  nitrite  and  no  crystalline  bromide  when 
tieated  with  bromine  m  acetic  acid.  Owing  to  these  results  it  was  thought 
that  the  great  sanation  found  in  the  different  oils  was  probably  due  to  a 
difference  in  the  resin  obtained  from  different  trees  of  the  species.     In 

'°  This  form  of  expreasion  will  be  used  throughout  this  article  to  represent  the 
optical  rotation  m  a  10  centimeter  tube  nt  the  temperature  indicated. 
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order  to  stuOy  this  matter  further  [  iktiile  to  collect  samples  of  resin  from 
single  trees,  for  separate  oxamination.  Accordingly  I  went  to  the  Prov- 
ince of  Tayabas  and  from  different  places  in  that  province  I  gathered 
seven  samples  of  from  one  to  two  kilos, each  from  piti  trees  differing  in 
size  and  eex.  At  the  same  time  leaves  taken  from  these  trees  were 
preserved  and  also  fmit  where  it  was  possible  to  obtain  it.  All  the  trees 
appeared  to  the  writer  to  be  of  the  same  species  and  all  the  botanical 
material  gathered  was  assigned  by  Mr.  Merrill  to  the  species  already  given. 
The  samples  were  obtained  as  fresh  as  possible,  considering  the  fact  that 
the  reain  Tnust  have  remained  on  the  trees  for  a  month  or  so  in  order  to 
allow  of  the  production  of  a  good-sized  mass.  The  different  samples 
were  well  wrapped  in  pahn  leaves  and  were  all  worked  up  within  four 
months  after  being  gathered.  The  results  developed  by  their  examination 
not  only  confimied  what  had  been  suspected  in  regard  to  variation,  but 
Hhowcd  that  in  the  majority  of  eases,  in  each  individual  sample,  a  definite 
terpene  of  the  limonene  series  occurred  in  a  pure  condition. 

In  order  to  obtain  larger  quantities  of  these  pure  terpenes  and  to 
extend  the  results  already  obtained;  also  with  the  hope  of  isolating  one 
or  more  of  the  unknown  terpenes  of  this  class,  another  collecting  trip 
was  made  and  14  more  sanijiles  gathered  just  as  m  the  prcviouu  case  All 
of  tlKbc  latter  were  worked  up  within  four  months  after  tlie>  were 
collecte<l  \s  a  lesult  of  the  compkte  e\imination  of  the&e  21  samples 
it  has  betn  possiiilc  to  isolah.  tlit  ttrpenee  de\tro  limonene  de\tro 
phellandrene  teipniene  and  terptnolene  m  a  pure  condition  and  to  studi 
the  behaiior  of  these  substance'^  in  a  number  of  wajs  to  render  certain 
the  presence  of  an  unknonn  terpene  m  several  products  to  establish 
iLgularities  m  the  oecnrrcnce  of  certain  mixtures  where  the  terpene 
product  Is  not  homogeneous  to  isolate  m  a  pure  condition  from  single 
samples,  two  of  the  constituents  of  the  high  boiling  portion  of  the  oil 
and  to  show  the  composition  of  tlie  mixture  which  constitutes  tht  high 
boiling  oil  obtained  from  most  samples  The  high  boihng  oil  occurring 
m  eJemi  and  which  can  he  mobt  conienientiv  and  (oniplet(.l>  removed 
b^  distillation  m  incuo  will  be  seen  to  be  a  miiture  of  at  least  three 
lubstances  Here  also  a  great  sanation  has  been  found  in  the  different 
samples  but  no  connection  appears  to  exist  between  the  teipene  oil  and 
the  corresponding  high  boiling  one  No  connection  can  be  trice  1  be- 
tween the  age  or  sex  of  the  tree  and  the  constituents  of  the  oil 

Ihe  following  relates  to  the  method  of  procedure  foUowefl  thrtughout 
m  working  with  the  reein  It  is  diifieult  to  remote  all  ot  the  terpene 
oil  by  distillation  with  steam,  and  very  little  of  the  high-boiling  portion 
goes  over  except  at  quite  an  elevated  temperature,  because  of  the  increas- 
ing viscosity  of  the  residue  as  the  oil  is  removed.  It  was  desired  to 
remove  all  the  terpene  oil  possible  and,  in  order  to  prevent  any  change  in 
the  oil,  at  as  low  a  temperature  as  could  be  used.     With  this  end  in  view 
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it  was  foimd  iiiui'li  better  to  iliHtill  tiie  resin  in  a  vacuum.  It  was  also 
found  that  the  lii{,'h-l>oiling  oil  could  iilmost  coiiiplctt'lv  be  removed  from 
the  rosin  at  a  pressure  varying  from  S  to  15  niillinieters,  with  practically 
no  decomposition  of  the  latter.  Tlic  resin,  to  introduce  it  into  the  distill- 
ing flask,  was  first  placed  in  a  beal^er  and  immersed  in  an  oil  bath  which 
was  kept  at  a  t(.'nii>oratun.'  of  froui  1()0°  to  125°,  depending  on  the  ease 
with  which  tlie  resin  became  Huid.  The  latter  was  tlien  ])oured  into  the 
flask  and  tlie  terpene  oil  distilletl  over  in  vacuo,  the  pressure  being 
gradually  decreased  to  10  or  IS  millimeters  as  the  water  in  the  resin 
passed  over;  the  oil  bath  was  kept  between  Vi!)°  and  150°.  Tlie  distilla- 
tion was  always  made  as  ijuickly  as  j)Ossilile  and  in  no  east"  was  purified 
terpene  oil  ever  taken  from  a  product  whicli  had  been  heated  higher  than 
150°.  Frequently  a  scc-ond  distillate  was  then  taken  by  heating  to  200°. 
at  wliieh  temiK'rature  practically  all  of  tlie  terpene,  but  only  a  portion  of 
the  liigh-boiling  oil  may  he  removed.  If  the  resin  is  quite  frt^sh,  most  of 
the  heavy  oil  will  have  i>assed  over  before  the  oil  bath  reaches  230°,  but 
with  an  old  product  it  is  difficult  to  maintain  a  hifth  vaciuim,  so  that  the 
oil  bath  must  he  lieattil  to  250°.  At  this  tenijierature,  with  fresh  mate- 
rial there  is  very  little  if  any  dwonipositi(ui  of  the  resin,  but  with  that 
which  is  old  it  is  possible  to  remove  only  a  small  portion  of  the  liigh- 
boiling  oil  because  of  the  increasing  difficulty  of  maintaining  a  vacuum  as 
the  temperature  is  raised  beyond  800°.  In  several  instances,  the  purified, 
high-boiling  oils  derive<l  from  fresh  resin  at  a  temperature  of  200°  were 
found  to  he  identical  with  those  obtained  from  the  same  samples  when, 
in  some  cascH,  it  wa.t  raised  as  high  as  ;i50° ;  wo  that  it  is  quite  certain 
that  no  changes  Inne  been  brought  about  in  these  oils  by  the  high 
temperature. 

Sample  I  was  collecteil  in  July  near  Unisan,  Tayabas  Province,  Luzon, 
from  a  relatively  young  tree  about  10  feet  in  height,  having  a  diameter 
of  about  2  feet  near  the  base.  There  was  no  fruit  on  the  tree  and  its 
owner  said  it  never  had  borne  any  fruit.  The  resin,  of  which  1,035 
grams  were  used,  was  drier  than  most  of  the  samples. 

Tile  first  distillate  (I,A)  waa  taken  nt  140°  and  amonnted  to  .54  grams;  the 
second  up  to  210°  (1,B)  amounted  to  7.5  Rrams;  and  the  third  up  to  250°  (I,C) 
waa  45  grams.  The  terpene  oil  was  distilled  from  1,B  in  vacuo  and  the  residue 
added  to  I,C.  The  total  t*rpene  oil  amounted  to  110  grams  or  10.(1  per  cent,  and 
the  total  high-boiling  oil  to  04  grams  or  6.2  per  cent. 

I,A  was  redistilled  twice  at  54  millimeters;  it  passed  over  completely 
the  second  time  from  33°  to  94°  (I.A,  purified).  a^=  +  99''.6.  The 
oil  gave  no  test  for  phellandrene  and  it  was  found  that  on  the  addition 
of  even  1  per  cent  of  an  oil  known  to  be  nearly  pure  phellandrene  it 
responded  plainly  to  the  tegt  when  the  solution  was  kept  very  cold. 
In  the  proportion  of  1  to  200  no  test  could  be  obtained.  With  bromine 
in   acetic   acid,   limonene   tetrabromide   was   obtained;   melting   point, 
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104°-103°  after  recrystaJIizing  twice  from  aJcoliol.  The  oil  treated 
with  hydrochloric  acid  gas  in  glacial  acetic  acid,  gave  a  good  yield  of 
dipentene  dihydrochloride ;  melting  point  after  recrystallizing  from  al- 
cohol, 49°-50°.  I, A,  purified,  gave  a  granular  nitroey!- chloride  when 
treated  according  to  the  method  of  Wallach.  Tlie  odor  of  the  oil  was 
plainly  that  of  commercial  earvene.  Metallic  sodium  when  heated  with 
the  oil  had  very  little  effect  on  it  and  after  having  been  distilled  from 
sodium  it  was  found  to  boil  completely  at  ordinary  pressure  from  176°, 5 
to  177°. 5.     The  oil  appears  to  he  pure  dextro-limonene. 

I,C  wa3  allowed  to  stand  nearly  a  year  before  it  was  purified.     It  was  re- 
distilled twice  at  reduced  presRure  and  on  the  second  fractioning  tlie  major  portion 
of  it  was  obtained  as  a  yellowish-green  product,  boiling  completely  between  165°,5 
and  leS'-S  at  33  iniUinietera  (],C,  purified), 
Sp.gr.,  ^=1.0247.    n  p=0.    w  p= 1,5143. 

Sample  II  was  collectid  near  \timonan  Ta^ahas  from  n  tut  having 
a  diameter  of  about  3  ftet  near  the  base  and  lidm  with  unripe  nuts. 
The  aainple,  of  which  815  grams  were  used  was  sottfi  than  the  previous 
one. 

The  first  distillate  at  135°,  amownted  to  50  grams  CII,A) ;  the 
second  at  310'  (II,B),  was  123  grams;  the  third  at  350°  (IIjC),  was  30 
grams.  The  terpene  oil  was  distilled  from  II,B  at  re<luced  pressure  and 
the  residue  added  to  II,C.  The  total  terpene  oil  was  133  grams  or  lfi.8 
per  cent    the  high  boiling  oil  '^1  grams  or  8  "  per  cent. 

II,A  was  decanted  from  a  small  amount  of  water  which  collected  with 
it.  It  was  then  distilled  twice  at  3G  d  millimeters,  passing  over  the  second 
time  almost  completely  between  83°  5  and  83°.5;  three-fourths  of  it 
distilled  it  almost  a  constant  temperature  or  at  most  within  C.SS  (II,*A, 
purified  J  a  jj  ^-1-100°  The  product  ga^e  no  test  for  phellandrene 
With  bromine  in  icttic  acid  tht  104°  to  105°  melting  limonene  tetra- 
bromide  was.  obtimed  and  a  granular  nitrosjl  chloride  was  also  readily 
formed.  It  also  gave  dipentene  dih> drochl iride  melting  at  50°,  It 
was  distilled  from  metallic  solium  after  which  it  boded  completely 
between  17b°  and  177°,  accordingly  at  a  slightly  lower  temperature  than 
I, A,  purified;  however,  it  possessed  the  same  odor  and,  so  far  as  could 
he  determined,  was  identical  in  all  other  respects. 

II,C  stood  for  over  a  year  and  was  then  fractionated  twice  at  reduced  pressure, 
whereupon  about  one-half  of  it  was  obtained  as  a  light,  yellowish -green  product, 
boiling  completely  from  107°  to  16!)°.5  a.t  35  millimeters  (II,C,  purified). 

Sp.  gr,,  ^^'*=0.9522.     n  p  =— 2°.7.     n|f  =  1.4973. 

Sample  III,  which  was  quite  soft,  was  obtained  from  a  young  tree, 
smaller  than  that  from  which  Sample  I  was  taken,  and  standing  very 
close  to  the  latter  tree.     It  was  first  distilled  at  12.^°  for  the  terpene  oil 
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(III,A)  ami  thon  at  aiO"  (IIT.B).  In  all,  ISC  grams  of  distillate  were 
obtained  from  900  grams  of  resin.     A  fiirtlier  distillation  was  not  niatle. 

III,A  was  separated  from  a  little  water  and  redistilled  three  times 
IK  vaitio.  On  tlie  third  distillation  it  pasBi'd  over  cotnpletoly  from 
89°  to  90°  at  47  niillinieterB,  a  ^^:^  +  100°. 7.  The  purilied  oil  had  the 
same  oilor,  boiling  point,  and  optical  rotation  as  the  two  previous  t«rp«ne 
products. 

III.B  was  fraetionntpil  once  nt  leducerl  pressure  iimi  tlie  liigli-boiliujt  portion 
was  preserved  for  over  a  .vear.  On  reJistilling,  the  major  part  whs  obtained  as 
an  oil  boiling  completely  from  10«°.5  to  lOO"  at  34,5  millimeters  (IIl,Ii,  pur- 
ified).    It  was  light  yellow  in  color. 

Sp-gr-,  ^=0.9887,    o  ^=:-2''.5.  »  ■]5  =  1.5056. 

Sample  I V  was  coUootod  near  UiiiHaTi,  TayaluiH,  fiimi  a  ^ijood-aizcd  ti-oti, 
nearly  3  feot  in  diameter  near  the  haj^e.  'i'lie  tree,  which  nt  the  same  time 
bore  no  fruit,  contained  8  or  10  pounds  of  soft  nsin. 
.  One  thousand  and  ciglity  granis  of  the  sample  were  distilled,  first 
at  135"  (IV,A),  then  at  310°  (IV,H),  and  finally  at  350°  (IV,C). 
The  total  terpeoe  oil  obtained  from  this  sample  was  153  grams  or  14 
per  cent,  and  of  high-boiling  oil,  145  grams  or  13.4  per  cent. 

iy,A  was  redistilled  twice  at  C5.5  millimeters  and  on  the  second  dis- 
tillation it  passed  over  completely  at  this  pressure  from  1)5°. 5  to  97°„'5 
(IV,  A,  purified).  It  was  almost  optically  inactive,  tt^^=-|-4''.  It  gave 
no  test  for  pliellandrene  and  in  a  cheek  exjierimont  in  wliieh  a  very  small 
proportion  of  phellandrene  was  added  to  the  oil,  this  was  easily  detected. 
No  crystalline  hydrochloride  eonld  be  obtaintnl  on  treatment  with  hydro- 
chloric acid  gas  in  cold,  glacial  acetic  acid,  nor  could  a  crystalline  bromide 
be  separated  on  saturation  with  bromine,  either  in  acetic  acid  or  in  a 
mixture  of  amyl  alcohol  and  etlier,  as  lias  been  recommended  by  Baeyer 
and  Villiger.^'  Ho  solid  nitrosyl-cliloride  could  be  formed.  A  good 
quantity  of  terpinene  nitrite  was  obtained  by  using  the  method  recom- 
mended by  Wailach,  the  crystals  appearing  in  a  short  time.  When 
recrystallized  from  alcohol,  this  substance  melted  at  155°,  softening  a 
little  below  that  temperature.  Tlie  oil  was  distilled  over  metallic  sodium, 
after  which  it  boiled  completely  from  174°  to  176°.  It  stood  nearly  a 
year  in  a  partially  filled,  glass-stoppered  bottle ;  it  was  then  redistilled  with 
steam,  separated  from  water  and  drietl  over  solid  caustic  potash. 
Boiling  point,  174°  to  175°.5.  8p.  gr,,  ^zz. 0.8358.  a^=-|-4°.3. 
ji  ^=1.4756.  The  product  still  gave  a  good  yield  of  terpinene  nitrite 
and  in  all  other  respects  it  behaved  as  it  had  one  year  previously.  It 
appears  to  he  almost  pure  terpinene. 

"Bur.  d.  chcm.  (Jr.i.    (IHO*),  27,  448. 
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IV,B  was  distilled  under  reduced  pressure  and  the  low-boiling  portion 
was  refractioned  three  times  tinder  the  same  conditions.  On  the  third 
distillation  it  pa-wed  over  completeh  withm  a  range  of  2°  5  or  3°  and  was 
evidently  not  so  pure  a  prnduct  a«  that  obtained  from  r\  ,A  although 
it  gave  a  good  jield  of  teipmcne  nitiite  Tt  appears  that  m  thjs  ca«e 
as  well  as  with  the  samples  contaming  phellandreni.  there  is  some  altera 
tion  in  the  terp<'ne  when  it  la  renioitd  from  the  resin  at  higher 
temperatures, 

IV,C  stood  for  nearly  a  lear  it  waa  then  redistilled  twice  in  tacuo  ind  a 
product  obtained  which  conititutpil  the  niaiir  poition  of  the  original  material 
nnd  which  passed  oier  completely  between  171"  and  174°  at  iS  millimeters 
(IV,C,  purified).  It  was  of  a  light  vellowiBh  green  color  and  had  a  mild 
pleasant  odor.  It  was  mneh  leas  viscous  than  anj  of  the  high  boiling  oils  pre 
vioualy  isolated  and  also  had  a  much  higher  specific  f;ravit(  It  had  leri  litth 
optical  activity.    Sp.  gr.,  ^=1.0315.    a^— 1'>.2.  1*^=1.5159. 

Sample  V,  which  was  moderately  soft,  was  obtained  from  a  tree  stand- 
ing close  to  that  from  which  Sample  II  was  taken.  The  tree  was  laden 
with  unripe  nuts. 

One  thousand  grams  of  the  resin  were  distilled,  first  at  136°  and, 
excluding  3  or  4  grams  of  water,  the  distillate  amounted  to  61  grams 
(Y,A).  The  second  distillate  was  taken  at  SlO-and  weighed  124  grams 
(V,B);  the  third  was  taken  at  950°  and  was  70  grams  (V,C).  The  total 
terpene  oil  was  97  grams  or  9.7  per  cent  and  the  high-boiling  oil  was  158 
grams  or  15.8  per  cent. 

V,A  was  separated  from  water  and  redistilled  twice  at  43.5  millimeters. 
On  the  second  distillation  it  boiled  almost  completely  from  83°.7  to  84° 
at  this  pressure  (V,A,  purified).  Its  odor  was  very  pleasant  and  mark- 
edly different  from  that  -of  any  of  the  terpene  products  previously 
obtained,  a  jj  =  -j-122°.6.  It  yielded  a  very  heavy  precipitate  of  phel- 
landrene  nitrite.  Neither  a  solid  bromide  nor  a  nitrosyl-ehloride  could 
be  obtained  b>  the  methods  ordinarily  used  The  product  appears  to  be 
almost  pure  phellandrene  Its  boding  point  can  be  seen  to  be  3°  or  4° 
below  that  of  the  limonene  oils  and  about  3°  below  that  of  the  terpinene 
oil  On  standing  m  a  partlj  filled,  gla=!s  =itoppered  bottle  a  small  amount 
of  a  good  sized,  colorless  prismatic  crystals  appeared  about  the  wills  of 
the  bottle 

VB  was  distilled  at  reduced  pressure  but  after  the  renoial  of  the  terpene 
oil  the  higher  boiling  portion  passed  tier  gralualh  indicating  that  onh  ft 
minor  part  of  it  could  be  isolated  as  a  constant  boiling  product  Unfortunately 
most  of  this  high  boiling  di«t  Date  waa  lost  in  an  aciident  but  a  amall  quantity 
of  it   on  standing   depcsitcd  crystals  similar  to  those  found  in  VA 

Sample  T  I  was  obtained  near  Atimman  Ta\abas  The  tree  was  an 
imusuallv  large  one  being  5  jr  G  feet  m  diameter  near  the  base  A 
large  quantity   of  «ott  rLsm  had  atcumulati  I  from   i  number  cf  tuts 


Hosted  by 


Google 


THE   TERPEXE   OILS  OF   MAMUi   ELKMI.  11 

The  tree  bore  no  nuts  and  a  native  familiar  with  it  declared  that  it  had 
never  produced  any. 

The  first  distillate  (VI,A),  obtained  at  125°  from  l.OSS  grams  of 
resin,  amounted  to  140  grams,  negleeting  a  few  grams  of  water;  the 
second  (A'ljB)  was  taken  to  225°  and  was  150  grains,  and  a  small  ad- 
ditional quantity,  ^0  grams,  was  obtained  at  245°.  The  total  tcrpenc  oil 
amoimted  to  183  grams  or  Ki.O  per  cent;  high-boiling  oil,  127  grams  or 
11.7  per  cent. 

VI,A  was  separated  from  a  little  water  and  rwtiatillod  twice  at  55 
millimeters  pressure.  It  paesetl  over  completely  from  1)3°  to  94°  on 
the  second  distillation  (VI,A,  purified).  The  product  possessed  the  same 
character istie  odor  as  that  obtained  from  the  previous  samples  of  li- 
moncne  which  had  been  isolated  and  its  boiling  jKiint  is  also  the  same, 
o^=  +  99°.9.  In  rotation,  its  agreement  is  seen  to  be  remarltable. 
Pure  limonene  tetrabromide  was  obtained  from  it  and  it  was  also  tested 
thoroughly,  just  as  the  oils  from  Samples  I  and  II  had  been,  and  it 
showed  exactly  the  same  behavior.  By  comparing  the  terpeiie  oils  ob- 
tained from  Samples  /,  II,  III,  and  VI,  especially  as  to  rotation.  It  ap- 
pears that  wheif  dextro-limonene  is  encoimtei-ed  in  the  resin  from  a  single 
tree,  it  is  found  in  a  pure  condition. 

VI,B  was  redistilled  once  anil,  after  tlie  terpene  oil  had  pasaed  over,  tlie 
remainder  was  found  to  he  almost  constant  lioiling.  Icuvint;  as  tisual  a  small 
amount  of  a  viscoua  residue.  After  standing  fi)r  nearly  a  year  it  was  redistilled 
at  reduced  pressure  and  most  of  it  obtained  as  a  product  showing  a  nearly 
constant  boiling  point  (VI,B,  purified).    8p.  gr,  ^=0.9621,  ii  ^=1.4995. 

Sample  VII  was  obtained  near  Atimonan,  Tayabas,  from  a  tree  about 
2  feet  in  diameter,  laden  with  unripe  nuts.  The  sample  was  a  little 
hardened,  but  only  on  the  outside. 

Nine  hundred  and  sixty  grams  were  distilled,  first  at  125°  yielding  57 
grams  of  distillate,  excluding  3  or  4  grams  of  water.  {VIT,A).  A  second 
portion,  138  grams,  was  taken  to  210°  (V1T,B),  and  a  third,  73  grams, 
to  250°  (VII,C).  The  total  distillate,  258  grams,  consisted  of  about 
equal  parts  of  terpene  oil  and  heavy  oil,  or  13.4  per  cent  of  each, 

VII,A  was  redistilled  three  times  at  39  millimeters  and  on  the  third 
distillation  passed  over  from  76°.5  to  79°  (VII,A,  purified).  o^= 
+114°. 7.  The  product  had  the  odor  of  pheltandrene,  but  it  also  pos- 
sessed another  peculiar  odor  not  noticeable  in  any  of  the  other  terpene 
products.  Its  initial  boiling  point  will  be  noted  to  be  a  few  degrees  lower 
than  that  of  the  sample  of  presumablj  pure  phellandrene  already  isolated. 
The  oil  gave  a  precipitate  of  phellandrene  nitrite  in  good  quantity,  but 
many  attempts  to  isolate  any  other  crystalline  derivative  from  it  by  any 
of  the  methods  ordmanh  employed  were  unsuccessful  The  product  was 
then  distilled  at  ordinary  pressure  and  3  fractions  of  equal  size  were 
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taken— (1)  from  IGT^.S  to  169°;  (2)  from  169"  to  173°.  The  first 
fraction  showed  a  rotation  of  -f-HO"'!  and  the  seeond  +113°. 1.  The 
first  fraction  nas  also  tested  in  a  number  of  ways  in  tlie  hope  of  isolating 
a  crystalline  substance  other  than  phellandrene  nitrite,  hut  with  negative 
es  0      g       d      11    g  boiling  point  was  lowered  only 

b  B        f  «  e<   crystals  on  standing  which  were 

n    ppe      n  bc  oted  in  the  oils  derived  from  the 

ph  n  g      m 

VI    B  ed         Bfl         and  after   removal   of  the  terpens 

m  m  as  hin  a  few  degrees.     It  was  kept  foi 

be  ed  d  it  then  yielded  a   product  boiling 

m  onstituting  almost  two-thirds  of  the 

B  oduct  was  quite  viscous,  light-yellow 

,^=0.9730.    w  ^=1.5016. 
oo  urifled.     After  it  bad  been  distilled 

ce  g  bs      ce   was  obtained  as  a  product  boiling 

m      m  I,C,   purified).     Its   boiling   point   is 

se  g  VII,B,    purified,    but   there    is   very 

ff  rties,  so  that  no  marked  distinction 

different  temperatures  at  wliich  they 
h  gr  0.9689,     o-^=— 2''.5.     »^=1,5005. 

T  m        was  carried  out  in  essentially  the 

al  ed   although  no  particular  attention 

m  In  the  interim  which  occurred 

w    k  d  that  it  was  not  necessary  to  use 

g        p  moving  iimonene  from  the  resin. 

T  sa  w  to  contain  dextro-limonene,  the 

I  p   te  J  a^  p    aible  by  heating  the  resin  to  150° 

or  160°.  It  was  also  found  that  phellandrene  suffered  a  considerable 
eliange  at  a  temperature  near  its  boiling  point,  and  it  was  also  thought  that 
terpinene  as  well  would  suffer  alteration  at  a  higher  temperature,  especially 
when  it  was  in  contact  with  the  resin.  However,  it  was  desirable  to  remove 
all  of  the  terpene  possible,  so  that  the  purified  product  could  be  used  for 
further  work.  In  those  samples  not  containing  dextro-limonene,  the  dis- 
tillation was  carried  as  far  as  possible  at  185°  and  then  the  oil  bath  was 
heated  gradually  to  150°  and  the  distillation  made  as  quickly  as  it  could 
be  done.  The  entire  distillate  was  taken  in  only  two  portions,  and  the 
high-boi!ing  part  was  seldom  taken  beyond  a  temperature  of  335°.  In 
order  to  obtain  the  correct  data  for  the  physical  properties  of  the  terpene 
oils,  they  were,  unless  otherwise  stated,  first  shaken  with  a  dilute  solution 
of  potassium  hydroxide  which  freed  them  from  an  impleasant  odor  often 
noticed,  and  then  distilled  twice  m  vacuo,  allowed  to  stand  over  night 
with  solid  potassium  hydroxide  and  then  carefully  redistilled,  discarding 
the  first  3  or  3  cubic  centimeters  of  the  distillate.  In  a  few  samples,  the 
high-boiling  oil  was  disregarded  entirely.     The  following  samples  were 
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all  obtained  within  a  radius  of  a  mile  or  two  near  the  town  of  Guniaea, 
Taj  abas. 

Sample  VIII  was  taken  from  at  tree  a  little  over  2  feet  in  diameter. 
The  tree  contained  no  fruit.  The  rewin  had  evidently  coiiwted  for  some 
time,  there  being  a  large  anionntof  it,  yeliowish  and  somewhat  inenist^'il, 
on  the  tree.  The  purified  terpenc  oil  boiled  completely  from  !)5°,3  to 
Ofi^.S,  at  a  pressure  of  fiO.5  millimeters,  and  at  ordinary  ]>re8sure  from 
176°  to  176°. 7,  «p  =  +100''.8.  It i» evidently  pure limonene.  Other 
data  concerning  the  product  (VIII,A,  purified)  will  be  inserted  under 
the  heading  of  limonene. 

The  high-boiling  oil  removed  at  235°  was  redistilled  two  or  three  timoB 
and  lees  than  one-half  of  it  obtained  as  a  product  boiling  completely  from 
158°tol62°at20milliinetere(VIII,B,  purified).  Sp.  gr.,  ^=0.9559. 
a^^=  —  2°A.     «^=1.4985. 

Sample  IX  was  obtained  from  a  tree  laden  with  nuts,  of  about  the  same 
size  as  that  from  which  Sample  VIII  was  taken  and  standing  close  to  the 
latter  tree.  The  sample  was  a  large  one  and  somewhat  dried  init.  The 
purified  terpens  oil  boiled  from  176°. 6  to  177°. 6.  a'p=+100°.3 
(IX,A,  purified).  It  ia  evidently  pnre  dextro-limonene  but  the  boiling 
point  ia  slightly  higher  than  that  of  the  last  sample. 

This  sample  of  resin  was  harder  than  any  other  which  I  worked  with,  the 
result  being  that  it  was  imposaibie  to  distill  off  much  of  thi!  high-hoiling  oil. 
As  was  stated  in  the  introduction,  it  is  difficult  ao  to  aeparat*  the  high-boiling 
oil  from  resin  which  has  become  somewhat  hardened,  and  almost  impossible 
to  isolate  a  constant-boiling  product  from  the  distillate  ao  obtained. 

Sample  X  was  taken  from  a  medium-sized  tree  containing  fruit.  The 
resin  was  fresh  and  soft.  The  terpene  oil,  after  the  usual  purilication, 
boiled  completely  from  89°. 5  to  94°. 5  at  65  millimeters,  so  that,  accord- 
ingly, the  distillation  began  about  5°  below  the  boiling  point  of 
phellandrene,  a^z^-j-69''.3.  It  gave  a  heavy  precipitate  of  phellan- 
drene  nitrite.  It  was  redistille<l  at  ordinary  pressure  and  the  distillate 
divided  into  two  equal  portions:  (1)  166°.5  to  168°.5;  (2)  168°.5  to 
171°. 5.  The  first  fraction  showed  sp.  gr.,  3^^=0.8356;  a^=-i-70°.4; 
n  ^=1,4663,  while  the  second  gave  sp.gr.,  ^=0.8374;  <.^=  +  64°.6; 
>ip=  1.4680.  The  first  fraction  was  redistilled  and  there  was  very 
little  lowering  of  the  initial  boiling  point.  The  phellandrene  nitrite 
obtained  from  the  oil  was  recrystallized  twice  from  hot  aeetic  ester 
and  it  then  melted  at  114°  to  115°.  In  its  odor  and  boihng  point 
this  oil  is  very  much  like  that  obtained  from  Sample  VII;  however, 
in  the  case  of  the  present  sample,  there  seems  to  be  much  more  of  the 
lower-boiling  terpene  present.     It  appears  from   the  data  juat  given 
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that  this  terpune  is  considerahly  lower  than  phellaiidrene  in  refractive 
power  and  specific  gravity.  As  with  the  oil  of  Samph  VII,  it  was 
not  found  possible  to  obtain  any  solid  derivatives  except  phellandrene 
nitrite, 

Tlie  I lifrli -boiling  oil  from  tliia  sample  was  reiii stilled.  Od  tlie  second  frac- 
tionation it  showed  so  small  a  portion  of  eona tan t -boiling  product  that  it  was 
totally  discarded. 

Sample  X/.— This  sample  was  small  in  amount  and  to  obtain  enough 
terpene  oil  to  woric  with,  the  latter  was  completely  removed  at  a  temper- 
ature of  200°.  The  oil  was  not  purified  in  vacuo  but  was  redistilled  twice 
at  ordinary  pressure,  passing  over  the  second  time  mostly  from  173°  to 
178°,  »p= — 50°. 7.  This  is  the  only  caae  in  which  the  Isevo-rotatory 
oil  has  been  obtained  from  a  sample  of  eUmi.  The  oil  gave  a  precipitate 
of  phellandrene  nitrite,  but  the  yield  was  not  large.  In  cold,  glacial  acetic 
acid  a  tetrabromide  was  separated  but  a  much  better  yield  was  obtained  in 
amyl  alcohol  and  ether,  Wlien  recrystallized  twice  from  alcohol,  it 
showed  a  melting  point  of  104°  to  106°.  The  tetrabromide  of  Isevo- 
limonene,  in  chlorofomi  at  !)°  and  at  a  concentration  of  13.85  per 
cent  gives  Wj)^ — 73.45  as  determined  by  Wallach  and  Conrady  " 
The  amount  of  pure  bromide  at  hand  w  ii  not  large  enough  for  an  accurate 
estimation,  but  it  was  found  to  1  e  lie^  o-rotatori  and  to  il  out  the  degree 
]ust  mentioned.  A  small  portion  of  it  was  carefully  weighed  out  and 
mixed  with  exactly  the  same  amount  of  pure  de\tro  limonene  tetra 
bromide.  The  mixture  was  dissolved  m  a  mall  amount  of  acetic  ester 
and  alcohol  was  then  added.  On  CDolmg  pure  dijentene  tetrabromide 
crystallized  out.  Melting  point  121°  The  oil  therefore  contains  lievo 
limonene  and  phellandrene,  the  latter  bemg  probably  dextro  rotatory 
That  the  Itevo-limonene  was  not  formed  b\  the  act  m  of  heat  upon  the 
phellandrene  will  be  seen  from  experiment"  given  under  phellandrene 

Sample  XII  was  taken  from  a  medium  sized  tree  nhi  h  contimed  no 
fruit.  The  resin  was  quite  soft.  Tht  purified  terpene  oil  obtamed  from 
this  sample  showed  a  boiling  point  of  l™(i°  to  !"{ °  "  &t  ordmary  pressure 
a^— -|-100''.3  (XII,A,  purified).  It  is  evidently  pure  dextro-hmo- 
nene.  Other  data  concerning  the  oil  will  be  insertrd  under  the  heading  of 
limonene. 

The  liigh-boUing  oil  from  this  sample,  which  had  been  removed  at  240°,  was 
fractionated  twice,  and  the  greater  part  of  it  was  obtained  as  a  product  which 
boiled  completely  from  107°  to  170°  at  35  millimeters  (XII,B,  purified).  Sp.  gr., 
^=0.8677;  a  j?=4-71.6''.  It  was  light  greenish-yellow  in  color  and  not  so 
viscous  as  those  oils  having  a  specific  gravity  around  0.0.5.  It  was  the  only 
optically  active,  high-boiling  oil  isolated  from  a  sample  of  Manila  elemi. 

"Ann.  Chem.   (LieUg)    (188'J),  252,  145. 
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Sample  XIII  was  a  large  acciiimilation,  somewhat  incmstod,  taken  from 
a  medium-sized  tree  with  no  fruit.  The  purified  terpene  oil  was  found  to  be 
pure  dextro-linionene.  Boiling  point,  176°. 5  to  m°.5;  "p—  +  100°. 1 
(XHI,A,P"rifled). 

From  the  high-boil  in};  oil,  nfter  (iistilliiig  three  timeN,  a  minor  portion  was  i«o- 
lat«d  which  boiled  completely  within  3°.  Sp.  gr.,  ^=0.9969;  ii  ^=1.5968 
{XIII,B,  purified). 

Sample  XIV  was  taken  from  a  medium-sized  tree  containing  fruit. 
The  resin  was  moderately  soft.  The  purified  terpene  oil  boiled 
from  91°.5to93° at 60  millimeters,  Sp.  gr.,  *^=0.8322;a^-=  +  105°l; 
,1^  =  1.4694  (XIV, A,  purified).  The  oil  gave  a  heavy  precipitate 
of  phdlandrene  nitrite  which,  when  recrystallined  twice  from  acetic 
ester  without  wanning,  meltetl  at  119°  to  120°.  To  judge  from  the 
hoiHng  point,  the  oil  appears  to  be  nearly  pure  i>liellandrene  although 
the  rotation  is  considerably  lower  than  that  of  the  phollandreno  from 
Sample  V. 

Tlie  purifli'd  lieavy  oil,  wliioli  contititiitiHi  tliri-e-fiHirtliB  of  tlie  total,  l>oil«l 
from  167° .5  to  170°.5  at  35  millimeters  (XIV,B,  purified).  8p.  gr.,  ^=0.9482; 
a  ^^—2°;  H  ^=1.4957.    It  was  quite  viscous  and  yellow  in  color. 

Sample  XV  was  obtained  from  a  very  large  tree  containing  no  fruit. 
It  was  quite  soft.  The  purified  terpene  oil  boiled  from  88°  to  91°  at  GO 
millimeters.  Sp.  gr.,  ^=-0.8336;a5,"---M12°.7;n^=  1.4678.  The 
initial  boiling  point  was  a  little  below  that  of  phellantJrene  and  the 
product  was  evidently  a  mixture.  It  gave  a  heavy  precipitate  of  phel- 
landrene  nitrite  which,  when  purified  hy  recrystallization  from  acetic 
ester  without  warming,  melted  at  119°.5  to  130°,5,  The  oil  redistilled 
at  ordinary  pressure  from  169°.3  to  172°.  The  distillate  was  divided 
into  two  fractions  which  showed  practically  the  same  rotation,  a  trifle 
lower  than  the  original.  No  other  crystalline  derivatives  could  be 
obtained  from  the  oil.  The  odor  is  at  once  suggestive  of  the  oils  from 
Samples  VII  and  X,  which  this  oil  resembles  in  most  respects.  During 
the  purification,  crystals  were  noted  in  the  small  residue  contained  in  the 
distilling  flask.  Crystals  also  separated  from  the  heavy  oil  which  had 
been  redistilled  once  and  allowed  to  stand. 

Sample  XVI  was  obtained  from  a  good-sized  tree  about  3J  feet  in 
diameter  near  the  base,  and  containing  no  fruit.  The  resin  was  fresh 
and  soft.  The  purified  terpene  oil  boiled  completely  from  89°  to  90°. 8 
at  56.5  millimeters,  most  of  it  going  over  at  almost  a  constant-  temper- 
ature (XVI,A,  purified),     a  ^  =  +  129°. 8;  in  a  5-centimeter  tube  the 
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rotation  was  just  one-half  of  tins  number.  The  oil  had  the  characteristic 
odor  of  phellandrene  and  gave  a  heavy  precipitate  of  the  nitrite.  A  por- 
tion distilled  at  ordinary  pressure  boiled  t-ompletely  from  173°  to  173°. 5. 
This  product  has  the  highest  rotation  of  any  sample  of  phellandrene 
obtained. 

The  purified,  liigli-boiling  oil  boiled  from  1fia°..5  to  172°  at  37  uiillimetera 
on  the  third  distillation,  and  it  TOJistituted  nio.st  of  the  unpurlfied  product. 
Sp.   gr,  ^=0.9461;  a  ^=—0.8";  n^=l,4944  (XVI,B,  purified). 

Sample  XT' J/.— The  purified  terpene  oil  boiled  almost  completely  from 
86°  to  87°. 5  at  48.5  millimeters  and  therefore,  accordingly,  a  little  higher 
than  phellandrene  should  distil!  {XVII,A  purified).  In  contained  much 
phellandrene  but  the  rotation  as  well  as  the  boiling  point  indicated  that 
some  other  substance  was  present,  o  ^=  -f-  73''.5;  n^— 1.4693.  A  por- 
tion of  it  distilled  from  173°  to  174°.5  at  ordinary  pressure.  No  crystal- 
line bromide  could  be  obtained  in  acetic  acid,  nor  in  ether  and  amyl  alcohol. 
No  limonene  could  be  detected  by  tests  with  ethyl  nitrite  in  acetic  acid 
or  in  ligroin.  In  preparing  phellandrene  nitrite,  no  crystals  of  terpinene 
nitrite  appeared  in  the  mother-liquor  on  standing.  The  crude  phellan- 
drene nitrite  was  dissolved  in  a  small  amount  of  chloroform,  filtered  and 
precipitated  with  ether.  Melting  point,  114°  to  117°.  On  recrystallizing 
from  acetic  ester  without  warming,  it  melted  at  119°. 5  to  121°.  On  re- 
crystallizing  it  melted  at  130°  to  121°.  The  crude  nitrite  obtained  con- 
stituted about  50  per  cent  of  the  weight  of  the  original  oil.  The  rotation 
of  the  nitrite  melting  at  119°. 5  to  121°  was  approximately  that  found  by 
Wallach  for  pure  o-phellandrene  o-nitrite  obtained  from  several  sources, 
so  that  it  appears  that  the  low  rotation  of  this  sample  of  phellandrene 
and  the  variation  observed  in  the  rotation  of  the  other  samples  obtained, 
are  not  to  be  explained  by  assuming  the  presence  of  varying  amounts  of 
Isevo-pheilandrene.  It  will  be.  brought  out  later  that  the  second  sub- 
stance in  this  oil  is  lEevo-limonene.  The  high-boiling  oil  from  this  sample 
was  redistilled  3  times  and  a  product  obtained  boiling  within  3°.  On 
standing,  this  oil  soon  separated  an  unusually  large  amount  of  crystals, 
identical  with  those  previously  observed. 

Sample  XVIII.— The  purified  terpene  oil  boiled  completely  from 
88°. 7  to  &0°.4  at  54.5  millimeters  pressure.  It  was  found  to  be  phellan- 
drene and  judging  from  the  boiling  point  was  almost,  if  not  quite,  pure, 
{XVIII,A,  purified).  The  rotation,  however,  is  somewhat  lower  than 
that  of  some  of  the  phellandrene  oils,  o  jj^-I-113°.5.  On  standing 
for  a  couple  of  months  the  sample  contained  a  small  quantity  of  the 
familiar  crystals. 
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Must  of  tlie  high -bo  Minn 
boiiitif;  cotiiplptply  frmn   ItiS^.S   to   172°   at  ;t7 

purifleii,  it  is  yellow  in  color  and  oMiigh  viacoBity. 


3  fractioiiatiuiis  was  obtained  as  a  product 
72°   at  ;t7   millinii'terH.     Jnst  «*  is   XVI.B, 


=1,4950.     This  oil  also  deposited  a 


gr.,^=0,9559;  a  ^=  +  2=; 
[uantity  of  crystals  on  standing. 

to  91°  at 


.•^(im/ile  XIX  gave  a  puritifd  turpeiif  oil  boiliiifr  from 
50  millinietcrs  [.ressum  (XIX,  A,  purified);  .  |^- -I-9S';  »  ^=1.4680. 
It  is  evidently  practifiiHy  piiR-  limoiieno,  altliough  tlie  rotation  is  a  littio 
lower  than  usual.  From  tlu'  liigh-lioiling  oil  of  this  sample  it  was 
found  impossible  to  isolate  a  considernhle  portion  whicli  would  show  ii 
narrow  range  in  boiling  point. 

Sample  XX. — The  puritiod  torpcni^  oil  from  this  saiiijile  boiled  eoiii- 
pleteiy  from  81°. 7  to  HS°  at  35.rt  inillinieters.  a  ^--=  -\  97°.  The  sub- 
stance appeared  to  be  practically  ]nire  liiiioni'nc,  altliinigh  the  rotatioii 
is  lower  than  tliat  of  any  other  siuiiple  iwolated.  It  gave  no  test  for 
phollandrone. 

Sample  XXI  imived  to  be  especially  inten'stiug.  It  was  small  in 
amount  and  was  a  fresh,  soft  resin  when  collected,  although  nearly  four 
months  elapsed  before  it  was  dlBtilkMl.  The  teq>e!H!  nil  on  the  second 
distillation  passed  over  almost  completely  within  1°,  the  boiling  point 
lying  bot^veen  that  of  phcllandrene  and  liiiionene.  Its  rotation  was 
+4°.  Because  of  its  rotation  and  boiling  point,  it  was  at  first  supposed 
to  be  terpinene,  but  no  test  for  terpinenc  could  be  obtained.  The  oil 
contained  no  phellandrcne  according  to  notes  made  at  the  time  it  was 
distilled.  There  can  be  no  doubt  on  this  point,  as  the  phellandrone  nitrite 
would  certainly  have  been  note*!  in  the  test  for  terpinene,  the  tests  always 
being  made  in  essentially  the  same  manner.  On  long  standing,  even 
after  having  been  inoculated  with  a  crystal  of  terpinene  nitrite,  no 
separation  of  this  substance  occurred.  On  the  sann!  day  that  the  test  for 
terpinene  was  made  and  when  it  was  found  that  the  terpinene  nitrite  was 
not  being  forme<l,  the  oil  was  treated  with  bromine  in  cold  acetic  acid 
and  a  crystalline  bromide  obtained.  This  was  recrystallizcd  from  acetic 
ester.  The  crystals  did  not  appear  to  be  those  of  dipent«ne  tetra- 
bromide,  as  they  melted  at  about  117'  with  darkening  and  eflfervescence. 
The  substance  was  recrystallizcd  from  alcohol,  in  which  it  appeared  to  bo 
more  soluble  than  dipenteno  totrabromide.  The  crystals  were  lustrous 
plates  and  melted  at  116°,  with  darkening  and  effervescence.  It  was 
noted  at  the  time  that  these  crystals  were  entirely  different  from  those 
of  dipentene  tetrabromide  with  which  I  was  very  familiar  and  which  I 
rather  expected  to  obtain  when  the  test  was  made.  The  substance  was 
certainly  the  tetrabromide  of  terpinolene  discovered  by  Wallach"  in 

"Ann.   Chem.    (Lieftip)     (1885),   230.   202;    (18S7),   239,   23. 
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the  product  formed  by  the  action  of  sulphuric  acid  upon  American  tur- 
pentine oil.  This  body,  as  given  above,  is  substantially  the  substance 
described  by  Wallach,  who  also  obtained  it  from  the  oils  resulting 
from  the  action  of  eulphuric  acid  upon  tcrpine  hydrate,  terpineoi  and 
cineol.  Wallach  gives  185°  to  190°  as  the  boiling  point  of  the  fraction 
yielding  the  bromide  in  the  first  case  noted.  Baeyer  ^'  also  studied  the 
substance  and  found  that  the  bromide  was  best  prepared  from  the  oil 
which  resulted  from  the  action  of  a  boiling  solution  of  oxalic  acid  upon 
terpineoi.  By  reducing  the  tetrabromide  with  zinc  dust  in  cold  acetic 
acid,  Baeyer  obtained  a  product  which  boiled  from  183°  to  185°  an<l  which 
gave  a  good  yield  of  the  tetrabromide.  TTr  found  the  terpinoleiie  to  be 
rapidly  changed  by  the  action  of  heat. 

The  oil  from  this  sample  as  described  above  was,  as  usual,  shaken  out 
with  a  dilute  solution  of  caustic  potash,  then  dried  over  solid  caustic 
potash.  It  was  redistilled  on  the  next  day  and  at  37  millimeters  its 
boiling  point  was  practically  constant,  at  80°  to  81°.  The  physical 
constants  of  the  oil  were  now  as  follows:  sp.  gr., ^=0.8360;  a^=-\-l''.7; 
^30=1.4701;  boihng  point;  178°. 5  to  175°. 

TTp  to  this  time  jnly  one  <U'\  h'id  elapsed  smLe  the  removal  of  the  oil 
from  the  resm  The  alteiition  in  its  rotation  between  the  second  and 
third  diitillations  was  thought  to  be  unu=iual  and  with  the  idea  of  act  el 
eratmg  any  change  ^hich  was  possibly  taking  place  m  the  oil  a  portion 
of  it  wai  heated  for  3  hours  in  a  tightly  stoppered  distilling  bulb  ini 
mersel  m  an  oil  bath  it  300°  The  product  wis  then  distilled  over  and 
the  ran^c  in  billing  point  appeared  to  be  greater  than  befoie  heating 
The  amaunt  of  poI}nierization  ivas  ver}    -imall      The  di'<tiUate  showed 

otatio    of  -~"°  5  and  wa"!  found  to  gne  a  precipitate  of  phellandiene 

t   te     1th    gh  th      m       t    btamed  was  not  large     After  the  usual 

tt       tfthnlpdt  namely  di'*«ohing  it  m  chloroform  and 

p      pttgwtltl         t  recrystallized  from  acetic  ester  without 

rm  g  If  1  t  m  It  t  119°  to  120°.  The  quantity  was  small, 
1   t  1    g       d  pp    simately  1  per  cent  acetic  ester  solution 

}        d   t  t    b     lee  1  dlj  Ite       otatory. 

F  fi      1  y    1  t  ttempt  was  made  to  prepare  more  of  the 

t  rp      1        tet    1  If         the  purified  oil.     The  tetrabromide  ob- 

tained in  acetic  acid  was  recrystallized  from  acetic  ester  and  now  melted 
at  about  130°.  It  appeared  more  like  dipentene  tetrabromide  that  it  did 
like  the  derivative  of  terpinolene  and  on  recrj'stallization  melted  at  125°. 
The  expirement  was  carefully  repeated  twice;  the  bromide,  dissolved 
in  an  equal  volume  of  glacial  acetic  acid  and  well  cooled  was  carefully 
added  to  an  equally  well  cooled  solution  of  the  oil  in  1.5  volumes  of  glacial 
acetic  acid.     The  crude  bromide,  when  recrystallized  from  acetic  ester, 

"Sej-,  d.  chem.  Qca.   (1804),  27,  447. 
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niGlted  from  118°  to  120°  witli  <larkoiiitis,  but  ii»  appoanmce  and  solubility 
it  resembled  tlipentene  tot ra bromide.    On  recrv«talliziiig  again,  it  melted 


at  123°  to  121°.  This  purifted  bromide  \v> 
dipentene,  although  the  crude  product  appear 
for  after  the  first  recrystallization  it  was  still  i 
At  this  point  it  was  found  that  the  purified 
phellandrene.  'ITie  rotation  of  tlic  oil  was  al 
from  +1°.'?  to  — 1°.6. 
oil  gave  a  rotation  of 


unquestionably  that  of 
to  have  been  a  mixture, 
pure. 

il  gave  a  decided  tout  for 

>  foinid  to  liavc  changed 

After  M<mdii\<j  for  five  iir  nix  days  longer,  the 

O'-S  and  one  month  after  this  of  —3^°.5,Jhus 


demonstrating  thai  a  rapid  change  was  taking  place  spontaneonshj. 
Throe  weeks  later,  the  oil,  which  had  stood  in  a  cork-stoppered,  partly 
filled  flask,  was  distilled  with  steam.  A  small  proportion  of  viecons,  non- 
volatile matter  remained,  probably  the  result  of  oxidation  of  the  oil 
npon  standing.  The  distillate  was  separated  from  water  and  without 
further  drying  gave  o^=  —38".  To  judge  from  this  value,  in  compari- 
son with  that  obtained  three  weeks  previously,  it  was  evident  that  the 
change  taking  place  bad  about  reached  com])letion.  In  amyl  alcohol  and 
ether  tlie  oil  now  yielded  a  very  good  quantity  of  a  crystalline  bromide 
which  was  filtered  off,  washed  and  recrystallizwl  from  a  mixture  of  acetic 
ester  and  alcohol.  Melting  point,  129°  to  124°.  0.24  gram  of  the  substance 
dissolved  in  about  8  cubic  centimeters  of  acetic  est^r  and  placed  in  a  10- 
centimeter  tube  showed  no  appreciable  rotation,  so  that  the  product 
apparently  containetl  very  little  if  any  limonene  tetrahromide.  Certainly, 
the  rotation  of  the  oil  can  not  be  accounted  for  by  the  presence  of  Itevo- 
limonene,  A  good  quantity  of  the  bromide-was  also  obtained  in  acetic 
acid.  After  crystallizing  onco  from  a  mixture  of  acetic  cster.and  alcohol, 
it  melted  at  120°  to  133° ;  on  reerystallizing  from  acetic  ester  the  melting 
point  was  125°.  The  product  melting  at  120°  to  123°  remained  perfectly 
colorless  on  fusion,  thus  differing  markedly  from  that  obtained  from  the 
oil  after  four  or  five  days'  standing.  An  attempt  was  now  made  again  to 
prepare  phellandrene  nitrite  from  the  oil  and  to  determine  its  rotation. 
Although  the  presence  of  phellandrene  in  the  oil  was  readily  shown,  it 
was  now  found  impossible  to  isolate  the  nitrite  in  the  presence  of  so 
much  dipentene,  the  final  product  being  a  small  amount  of  viscous 
matter  adhering  to  the  sides  of  the  fiask.  This  result  is,  of  course,  quite 
different  from  that  obtained  two  months  previously. 

There  appears  to  be  no  doubt  but  that  the  oil  when  first  isolated  was 
nearly  pure  terpinolene;  that  this  torpinolene  changed  completely  on 
standing  into  dipentene,  a  small  amount  of  dextro-phellandrene  and  an 
unknown  Isevo-rotatory  tcrpene.  The  boiling  point  of  this  terpinolene 
is  considerably  lower  than  that  obtained  by  Baeyer  for  the  product 
formed  on  reducing  the  tetrahromide.  The  present  case  is  the  only  one 
in  which  the  presence  of  terpinolene  haa  ever  been  noted  in  a  natural 
product. 
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Liinoneiie  is  one  of  tlio  most  widely  d i sir il rated  terpenes.  It  occurs 
generally  in  the  dextro-rotatory  form,  as  the  chief  component  of  a  number 
'  of  the  most  important  essential  oils  of  commerce.  From  some  of  these 
it  has  been  obtained  in  a  fair  degree  of  purity  by  fractional  distillation, 
but  the  physical  properties  of  the  substance  as  given  in  the  literature 
vary  somewhat,  depending  upon  the  degree  of  purity  with  which  it  is 
possible  to  isolate  it  from  the  other  constitiients  of  those  oils  by  the  . 
process  mentioned.  From  caraway  oil  Schimmcl  and  Co.'"  have  isolated 
dextro-limonene  which  ahowed  a  rotation  of  [ii]-rj=;+123''.6  while 
Kremers"  obtained  [o]^  =  -|-120''.  46  for  the  carefully  fractionated  por- 
tion of  commercial  carvene  boiling  at  174''.5  to  175°,  and  presumably 
from  the  same  source.  For  the  lasvo-limonene  ot  pine-needle  oil,  Wallach 
found  [a]  jj=^  —106°.  GfHllewsky  and  Robhanowitach"  for  the  purpose 
of  obtaining  accurate  data  as  to  its  physical  constants,  have  succeeded 
in  preparing  what  appears  to  he  almost,  if  not  quite  pure,  limonenc 
by  reduction  of  the  pure  tetrabromide.  Their  product  which  is  doscribeil 
as  constant^boiling,  showed: — sp.  gr.  (^)  =  0.8425;  [a]  p  =  + 125°.6; 
boiling  point,  ir7°.5  at  759  millimeters.  Considering  the  small  variation 
which  I  have  found  in  the  optical  activity  of  the  many  constant-boiling 
samples  of  dextro-limonene  obtained  from  diilerent  samples  of  elemi, 
this  property  appears  to  servo  well  as  a  cheek  upon  the  purity  of  the 
limonene. 

The  following  table  of  physical  constants  for  dextro-limonene  is  taken 
from  some  of  the  sample';  whifh  have  a  rotation  close  to  the  average: 


~ser' 

complae 

.|? 

„30 

B 

Boding  point  at  rtdueed 

vni,A,  purified- 

XII.A,porifled 

XlIIpA,  purUed  . 

IX.  A.  purified 

V!.A,  purified 

ir,A,  purified  .  .    _  _ 

178.6-177.5 
176.5-IJ7.6 

100.3 
100.0 

1.4f,79 

".mi 

-""■■""■•'"'"■"••"■ 

82''.,'j-S3°.5,  8S.S  millimeters. 

"  Gildemeister  und  Hoffman,  Die  Aertllerisclien  Oele   (1809),  172. 

"Am.  Ckem.  Jour.   (1896),  17,  604. 

"Cftem.  CentTll.   (1800),  70,  I,  1241. 

"The  high  number  probably  lias  its  eauap  in  tlie  age  of  tiie  resin;  tlic  product 
was  notably  more  difficult  to  purify  than  iiuy  of  the  otimrs.  Unfortunately, 
several  of  the  samples  ot  pure  limonene  iicre  used  up  before  their  physical 
constants  had  been  aecurntely  determined. 
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Product,  Viri.A,  purified,  showed:  «  ^^1.4705  and  »^^-1.4728. 
An  average  dilference  oE  0.0071  wns  found  Iwtweeii  specifle  gravity  (  ^  ) 
and  specific  gravity  (  ^  )  f or  tliree  samples.  The  molecular  refraction 
of  limoneno  at  'iO°  may  thorefore  Iw  ealeulatwi, 

Tlic  value  of  the  rotation  given  corres5>on<lK  very  closely  to  that  noted 
by  Kreniers.*"  The  latter  states  that  the  rotatory  power  of  limonene 
changes  considerably  on  standing,  giving  as  an  instimee  a  sample  tlie 
rotation  of  which  had  changed  from  +121"  3  to  +10;i°,a.'i.  He  also 
notes  a  corresponding  increase  in  the  f-])ecific  gravity.  1  have  found 
that  a  sample  of  pure  limonene,  sealed  up  m  a  nearly  filled  flawk,  suffered 
no  noticeable  change  after  standing  four  monthfi,  but  several  samples  of 
pure  limonene  which  were  kept  in  p;la■^h-^toppore^l  bottles  werc!  foimd 
to  decrease  gradually  in  rotatory  power,  tlicf-anie  is  true  of  phellandrene. 
This  change;  is  undoubtedly  caused  by  ovulation  of  the  terpcne.  One 
sample  of  limonene  which  originally  had  a  rotation  of  -f-100°.(i  stood 
for  about  a  \'ear  in  a  partly  filled,  glass- stoppered  bottle.  It  was  tlien 
redistilled  with  steam.  A  considerable  aTnount  of  non-volatile  matter 
remained  behind  and  the  distillate  had  taken  on  a  "menthol"  odor.  The 
oil  was  redistilled  in  vacuo  and  then  showed  a  rotation  of  -j-100°,3.  It 
boileil  completely  from  l'i'{i°.5  to  Vi'i°.Ty. 

The  behavior  of  limonene  at  clevateil  temjwratures  was  also  studied, 
the  question  lieing  considered  of  considerable  importance  because  of  the 
readiness  with  which  so  many  of  the  substances  of  the  composition 
C,„H,o  change  into  isomeric  Iwdics.  Wallaeh^  states  that  hcsperideno 
(dextro-limonene  obtained  from  oil  of  orange)  is  changed  into  diperitene 
by  "mehrstundiges"  heating  at  350°  to  270"  and  a  similar  statement, 
probably  derived  from  this  source,  appears  in  many  <if  the  books  dealing 
with  this  subject. 

(1)  Twenty-five  Rrams  of  pure  limonene  (a  jj^lOO".")  were  fieated  in  a 
'ealed  tube  at  '275°  to  2!)U°  for  liv«  liourn.  Tlip  product  was  tlipn  distilled  with 
Hteam  and  a  small  amount  of  non-volatile  matter,  about  5  per  cent  of  the 
original,  remained  behind.  Tlie  polymerized  product  is  only  fllif^htl;  soluble 
in  aleohul.  Tlie  distillate  after  ImvinR  been  dried  over  solid  potasHium  hydroxide, 
showed  exactly  the  same  boiling  point  as  tlie  original.  Its  rotation  wag  -|-0i)°.8 
and  its  retractive  index  was  practically  unolianged.  A  tetrabroniide  was  pre- 
pared in  aeetie  acid  and  aft^r  recrystallizing  once  from  acetic  ester  melted 
at   1(M°-105°,   this   being  the   melting  point   of   pure   iimonene-tetrabromide. 

(2)  The  limonene  obtained  from  the  last  experiment  was  beated,  together 
with  2  or  3  drops  of  water,  in  a  sealed  tube  at  200°  for  ten  bourg,  the  temperature 
rising  to  300°  for  a  slioit  time.  On  examining  the  contents  of  the  tube  the 
water  atill  appeared  and  the  product  was  colorless.     After  distilling  with  steam, 

="Amii.  Cftet/i.   [Lkbig]    ( 1885),  227,  2S9, 
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about   10  per   cent   was  found  to   liave  polymerized.     The  distilla-te  when   dried 
showed  the  same  boiling  point  ns  tiefore.     Ttie  rotHtion  liad  decreaHpd  a  little: 


,  30_ 


+97°. 


with  2   drops  of 
amount  of  polym. 


(3)  Twenty  grams  of  pure   I 
heated  in  a  SBftled  tube  at  200"  for  t. 
Bmttll.     Tlie    boiling    point    was    unchanged    i 
altbough  the  rotation  had  decrease  0°.5. 

(4)  Twenty  grams  of  pure  limonene  together  with  1  gram  of  benzoic  acid 
were  heated  in  a  sealed  tube  at  250°  for  seven  hours.  Tlie  product  was  extracted 
with  a  small  amount  of  potassium  hydroxide  solution  and  all  of  the  benzoic  acid 
recovered,  it  was  distilled  with  steam,  only  a  small  amount  of  residue  remaining. 
After  drying,  the  oil  was  redistilled  and  the  boiling  point  found  to  be  practically 
unaltered,  although  the  rotation  liad  decreased  from  +110°. 1  to  -|"98°. 

(5)  Twenty  grams  of  practically  pure  limonene  together  with  1  gram  of 
acetone  were  heated  at  300°  for  six  hours.  The  product  wB.3  colorless.  There 
was  considerable  polymerization.  The  boiling  point  of  the  oil  was  unchanged 
but  the  rotation  has  decreased  from  +98°  to  +'JC°..i. 

(0}  About  20  grams  of  pure  limonene  with  2  grams  aniline  were  heated 
at  280°  for  seven  hours.  The  product  was  extracted  with  very  cold,  dilute 
hydrochlorio  acid  and  distilled  with  steam.  It  then  boiled  completely  from 
176°  to  177°.     The  rotation  had  decreased  from  +100°.2        + 

(7)   A  few  grams  more  of  the  pure   substance  were         ed 
obtained  from  the  last  experiment  and  it  was  heated  at  3  0  T 

product  was  colorless.     Approximately   15  per  cent  of  th     to       h  d  p 

merized.     The  boiling  point  of  the  distillate  was  unchatige     al         gh 
had  decreased  to  +93°. 

It  will  be  seen  from  the  above  e.xperiments  that  if  1  p  nt  n  f  m  1 
from  dextro-limwneiie  at  elevated  temperatures,  tl       ban  a 

tremely  slow  one.  Even  at  380°  it  would  take  many  h  ur^  f  tl  f  m 
tion  of  a  sufficient  amount  of  dipentene  to  allow  of  detection.  Moreover, 
it  does  not  follow  that  a  decrease  in  the  rotation  implies  the  formation 
of  dipeuteue.  although  from  the  unchangeil  boiling  point,  this  seems 
probable.  It  will  also  be  noted  that  the  degree  of  polymerization  is 
more  than  double  that  of  inversion.  From  these  experiments  limonene 
is  seen  to  he  a  very  stable  suhstant'C  and  almost  indifferent  to  the  influence 
of  foreign  reagents  even  with  respect  to  its  optical  activity.  It  may 
repeatedly  be  distilled  at  ordinary  pressure  without  any  fear  of  its 
suffering  alteration.  It  was  found  that  after  heating  for  eight  hours  in  a 
tightly  stoppered  distilling  bulb,  placed  in  an  oil-bath  which  was  kept 
at  a  temperature  of  180°  to  320°,  the  distillate  was  identical  in  all 
respects  with  the  original  except  that  its  rotation  had  decreased  by  about 
0°.3. 

The  behavior  of  dilute  mineral  acids  toward  limonene  does  not  appear 
to  have  been  studied.  Limonene  is  almost  completely  polymerized  by 
the  action  of  dilute  sulphuric  acid  in  glacial  acetic  acid ;  the  same  reagent 
in  absolute  alcohol  converts  it  into  optically  inactive  terpenes  which  have 
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a  coosiderablj  highor  Loiling  point  Suiphuric  acid  iQ  dilute  alcohol, 
hydrates  a  largo  pLrt*>iitage  of  hiiioneno 

( 1 1   T       tj  graiiiB  puie  dextro  limoiieiie  uere  dissolved  in  50  cubic  centimetera 

f  acet  d  of  10  5  ptr  ramt  strength   and  to  this  »aq  added  I  gram  o£  dilute 

ulphu  a  d  (H'^0.JHO)  Tins  mivture  was  lieated  in  a  flask  on  a  wat«r 
bat!  f  se  en  hours,  tlie  flask  liaiing  been  connected  with  a  calcium  chloride 
tub  n  u  1  a  uaj  as  t<i  present  the  access  of  moisture  boon  after  tlie  heating 
beg  n    t        lijers  formed      Ihe  product  «as  finallj   thrown  into  »at«r  and  the 

i      n       d  mtli  etlier,  utter   which  it  »ai  washed  «ith   Bodiuin  carbonate  to 
ate  acid  and  then  distilltd  nitli  steam      The  entire  amount  of  distillate 

bt        d  not  o\er  2  grama,  the  lesiilue  ivaa  tarrj      Tlie  hmoiienc  had  been 

Ira    t  pletelj   poljnierized 

(2)  Thirtj  grama  of  pure  limoiiene  were  dissolved  in  20  grams  absolute  alcohol 
and  I  cubic  centimeter  of  dilute  sulphuric  acid  (II,SO,  3H  0)  added  Access  of 
moisture  was  presented  by  means  of  a  ealemm  chloride  tube  and  the  flask 
containing  the  mixture  «na  heated  just  to  boiling  tn  a  water  bath  for  fifteen 
hours,  during  which  tiiin,  the  niivturt  becaint  reddish  brown  in  color  Ihe 
product  was  finallj  poured  into  cold  water  and  the  oil  separated  Tlie  latter 
Mas  again  shaken,  out  with  cold  water  and  then  driven  over  with  steam  There 
had  not  been  much  polymerization  Ihe  distillate  was  dried  over  solid  potassium 
hydroxide  and  then  distilled  livo  traetuniH  of  erinal  amount  were  obtained 
(1)  ffom  184°  to  103°  and  (2)  from  I'>3°  to  200°  both  Hhowe-l  onlj  a  slight 
lotation  Neither  oiil  ga*e  i  crystalline  livdrochloride  in  acetic  acid  or  a 
tetrabromide  in  am>l  ilcoliol  and  tthir  The  hrst  fraction  ga\e  no  test  for 
phellandrene  but  a  \(ry  small  amount  of  terpmene  nitrite  which  had  a  meitmg 
1  )int  of  153°  154°  appeared  on  itanling  The  hrat  fraction  showed  u  jj=l  4726 
and  the  second  n  S==l  4590  Since  there  lould  haie  been  very  litlle  In  Iration 
the  product  is  composed  mostly  of  unknown  ferpenes 

(3)  toitj  „'ranis  il  i  ure  dextro  limonene  were  dissohed  in  350  ubic  centimeters 
of  absolute  altohol  and  to  this  was  added  t5  cubic  centimLters  of  a  mixture  of 
1  \olume  concentrated  sulphuric  acid  and  5  volumes  water  This  mixture  was 
boiled  m  a  flisk  with  a  reflui  condenser  for  seien  hours  on  a  water  bath  The 
alcohol  was  then  partly  distilled  off  and  the  residue  driven  over  directly  with 
steam  There  was  onlv  a  small  amount  of  nonvolatile  residue  The  distillate 
was  separated  fiom  water  and  fraefitned  twice  The  first  time  it  boiled  from 
186°  to  218°  and  on  the  second  tractunation  the  toilowing  portions  were 
separated  II)  180°  to  l«b°  30  pet  cent  of  the  total  (2)  190°  to  1S3°  25 
per  tent  (3|  103°  to  200°  15  per  cent  and  (4)  200°  to  215°  30  per  cent 
During  the  distillation  a  small  amount  of  water  appeared  continuouBly  to  be 
formed  In  the  first  fraction  no  phellan  bene  could  be  detected  but  a  small 
quantity  of  crjstals  probably  terpinene  nitrite  formed  on  standing  They  were 
contaminated  with  reiinous  matter  and  an  accurate  determination  of  their 
melting  point  which  was  not  far  below  I'iS"  was  impossible  The  same  fraction 
gave  a  good  quantity  of  cnstalline  tetrabrjmide  in  acetic  acid  After  recrystal 
liziiig  twice  this  product  melted  from  112°  to  ll'i°  and  is  therefore  probably  a 
mixture  of  limonene  and  dipentene  tetribromides  The  higher  boiling  fractions 
were  not  very  carefully  investigated  An  unsuccessful  attempt  was  made  to 
prepare  a  phthalic  acid  ester  by  the  action  of  phthalic  anhjdride  upon  fraction 
(4}  in  benzol  solution  The  products  obtamed  m  this  experiment  should  be 
further  studied 
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Limonene  hydro  Monde ~\.h\s  substance  obtained  bi  ^\allaih  and 
Kremcrs^i  bi  tht  action  of  dr^  hidrochloric  acid  upon  hmonene  was 
prepared  m  ordir  to  study  the  action  of  anihne  upon  jt  The  substance 
was  found  to  lioil  from  H9°  to  91°  at  IZ  indlinieters,  and  accordingly 
Mviral  degrees  lower  than  tin  boiling  point  given  b>  the  abou  authois 

Tlnrtyfour  gruma  of  the  fractioned  xulmtance  were  added  to  an  equal  Hei^-lit 
of  anilini.  and  tlie  mixture  litated  on  a  water  batli  Tlie  temperature  of  the 
mixture  gradually  roae  to  113°  and  in  time  aniline  h>drochltri<ie  appealed 
PreviouB  experience  had  "(liown  that  above  120°  the  heat  of  the  leaction  was 
so  gleat  tha,t  without  careful  cooling  the  reaction  mixtuie  became  lery  hot 
The  heating  waf  continued  for  hix  hours  upon  the  water  bath  The  reaction 
product  was  freed  from  anilme  by  repeatedly  ahaking  mth  culd  dilute  hjdro 
chloiic  acid  The  oil  nas  then  dri>en  o\ex  with  «team  and  redi'itilled  twice 
On  the  second  distillation  it  boiled  almoxt  completel(  from  177°  to  178°  ^  and 
showed  o  jj=  +  55°  No  cr>sfalline  nitrit*  could  be  obtained  A  good  vield 
of  cijBtalline  tetrnhiomide  was  produced  in  icctie  acig  and  thiK  tetrabromide 
after  being  reci'j stall ize<l  twice  from  acetic  e'ster  gaie  the  melting  point  of 
dipentene  tetrabromide  On  heating  the  oil  in  a  well  stoppered  flask  immersed 
in  an  oil  bath  kept  at  200°  for  foui  liouro  thire  ms  piaeticilh  no  change  in 
the  rotation 

It  apptarb  that  b>  tin,  addition  ot  hvdrochlorit  aciJ  to  limonene  and  its 
fubhequcnt  tplittmg  oif  the  limontne  is  parth  tonuitcd  into  diptntmo, 
but  tint  no  othci  substances  are  formed 

nnsLLANDLIENE. 

A  number  of  essential  oils  wJien  treated  with  nitrous  acid  are  known 
to  separate  at  once  a  white,  crystalline  derivative,  CioHioNjO, ,  to  which 
the  term  phellandrene  nitrite  has  heon  indiscriminately  applied,  although 
the  melting  point  of  the  substance  as  recorded  by  various  authors  has 
varied  within  a  large  range.  Schreiner  "  recently  separated  the  product 
obtained  from  eucalyptus  oil  into  two  distinct  substances  by  fractional 
crystallization  from  acetic  ester.  Since  tliat  time  Wallach ''"  has  gone 
into  this  question  most  thoroughly.  He  has  shown  that  the  products 
obtained  from  hitter-fennel  oil  and  elemi  oil  as  well  ss  from  eucalyptus 
oil  (the  last  named  being  dextro-rotatory,  while  the  other  two  are 
Iffivo-rotatory)  are  homogeneous  chemically,  and  that  the  two  substances 
obtained  from  each  of  these  oils  are  isomers  only  in  a  physical  sense. 
The  mother  substance  to  which  all  of  these  products  are  to  be  referred 
he  terms  a-phellandrene.  The  less  soluble  nitrite  he  terms  the  a-nitrite. 
He  has  also  shown  that  the  nitrite  obtained  from  water-fennel  oil  is 
chemically  different  from  the  others  mentioned  and  to  its  mother  terpene 

"Ann,  Chem.    [Liebig)    (18!)2),  270,   1S0. 

"Chem.   Centrbl.    (1901),   72,  II,  544. 

='A«n.  Ohem.   (Liebig)    (1!I02).  324,  2f!0;   (1004],  336,  !l;    (lOor,),  340,  1. 
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he  hua  given  the  name  ^-pliellandrene.  With  the  identity  of  tliese 
different  nitrites  estahliMho*!,  Wallat'Ii  snccoeded,  by  worlting  with  them, 
in  determining  the  elieiiiical  constitution  of  tlio  two  pholfandrents. 

So  far  as  the  terpones  themselves  nre  con(?ernod,  tliere  are  very  httle 
(lata,  chemical  or  physical,  which  may  he  hjoked  upon  as  rcliahle.  Tin- 
physical  properties  recorded  vary  soniowhiit,  hut  witli  tiie  exception  of 
the  rotation  do  not  differ  greatly  from  those  whldi  1  liavo  found  for 
pnre  phellandreno.  Although  pliellandrene  may  l>e  the  ))redoininant 
t*rpene  in  many  of  the  fractioned  prwliiets  deserihe<l  in  the  literaturt', 
it  must  Ih,'  remenihered  that  most  of  the  terpones  of  this  stories  are  very 
closely  related  in  physical  propertii*  and  it  apjiears  to  ho  very  often  triie 
that  only  those  of  a  certain  class  are  to  he  fomid  in  tlic  oil  obtained  from 
any  one  species.  The  optical  rotation  ("jj)  of  well-fractioneil  plieilnn- 
drene  prodncts  is  seldom  given  as  being  higher  than  ^Oi)".  Although 
pheiiandrene  appears  to  bo  convert*Hl  completely  into  tlie  nitrite,  it  was 
found  almost  impossible  to  drj'  the  filterotl  and  well-washed  ])rofluct  so  as 
to  weight  it  accurately.  This  difficulty  is  caused  by  the  tendency  of  the 
crude  substance  to  become  slightly  resinous.  In  solvent^!  it  undergoes 
rapid  decomposition. 

In  nearly  all  of  the  terjiene  oils  obtained  in  this  work,  which  were 
found  to  contain  phellandrene,  the  latter  wan  examined  and  found  to  be 
a-phellandrene  determined  by  isolating  the  n-nitrite  descrihctl  by 
both  Schreiner  and  Wallach,  Tlie  method  usually  employed  was  to 
dissolve  the  crude  product,  dried  as  well  as  ])osKil)Ie  by  presurc  between 
filter  paper,  in  a  very  small  amount  of  chloroform,  then  filtering  to 
r  mo\c  «attr  and  prmipitating  the  nitrtc  with  tl  cr  it  wjs  afterwards 
retiy  talli^el  once  or  twict,  frim  acetic  ester  Wallach  gi^us  11^°  to 
113°  as  the  meltmg  point  of  tht  substance  while  Schre  ner  found  120° 
to  1^1°  Dui  ng  the  fir  t  work  which  I  1  1  witl  th  s  sulfetance  it  wai 
recr\«talh:(;el  from  hot  t,  hints  ind  the  melting  po  nt  wetmed  to  depend 
oniewhat  upon  the  sohenta  used  ttiien  acetic  ester  was  eniplojed  the 
final  melting  point  was  always  lH"  to  115°  It  was  hnalh  fount  that 
ly  dissolving  the  nitrite  m  acttie  ester  at  SO"  and  then  crjstall  7  ng  m 
a  freezing  mixture  the  melting  point  gnon  by  Schreiner  was  oltam  1 
When  the  jure  a  nitnte  wae  again  recr^ stnllized  from  hot  acetic  ester 
its  melting  point  waslowerel  to  about  that  fDunl  lv^\allaeh  Tl  e  latter 
ased  hot  acetone  m  purifying  his  product  and  the  low  melting  point  does 
not  indicate  that  the  substance  with  which  he  worked  was  impure.  The 
conclusions  drawn  by  Wallach  from  his  work  with  this  substance  are 
based  upon  the  assumption  that  it  was  free  from  chemical  or  physical 
isomers. 

Rotation  of  the  nitrite. — The  optical  rotation  found  by  Wallach  for 
the  a-nitrite    obtained  from   two  different  sources   was   considerably 
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higher  than  that  found  hj  fechiemei  In  fact  the  numbers  given  by 
Wallach  for  the  «ame  product  show  a  <.mhiderible  sanation  Botii 
workers  used  chloroform  as  a  solvent  By  the  use  of  the  =!ame  solvent 
I  obtained  a  value  agreeing  very  closely  with  that  of  Schremer  the  solu 
tion  having  stood  for  about  ti.n  minutes  betore  the  reading  was  made 
It  WIS  found  later  thit  tlic  reading  dimmi'shed  quite  npillj  on  =!tanling 

(1)  A  sMuti  n  1  0  -45  gram  of  pure  a  pheJlan  Irene  a  nitrite  disstlvei  n 
1  cubic  centin  etrrs  t  p  lie  cliljroform  (Kahlbauin  l^eat  quality  ahakLU  ut 
repeatedly  with  water  dried  oier  calcium  chloride  ajid  then  distilled)  \oat  its 
(^ticaJ  activity  eutirelv  after  standing  for  about  four  houra  The  solvent  wa^ 
c\aporatod  in.  vacuo  The  residuL  did  not  crystallize  until  a  small  amount  of 
ether  was  added  which  eiidcnth  diasolted  out  aume  amorphous  decomposition 
products  The  reco\ered  product  which  was  fully  three  fourths  of  tie  amount 
uned  onginailj  was  again  dissd^ed  in  5  cubic  eentimetera  of  freah  ohloroform 
Bnl  tie  solution  was  found  to  be  ilif,]itlj  Itio  rotatory  the  itlup  btiiig  ibout 
one  t£nth  thit  of  tl  o  oiigmal 

{£)  A  solution  of  0  iJ  gram  pure  a  nitrite  in  10  cubic  centimeters  of  liloroform 
after  itanding  tor  eighteen  houis  showed  a  poeitue  rotation  equal  to  about 
one  hutf  that  of  tl  <■  original  negative  \alue 

(1)  A  solution  of  0  5  gram  pure  o  nitrite  in  three  or  four  culic  centimeters 
cf  ehloioform  was  allowed  to  stand  oier  night  The  chloroform  wis  then  for 
the  greater  part  remoied  tn  lacao  and  the  leaidue  treated  with  a  small  amount 
of  ether  The  solid  residue  was  pressed  out  n  a  poious  plate  and  again  wished 
with  etler  It  consisted  of  a  little  more  thin  0  3  gram  When  lecrj stall ized 
from  ftcetiL  eater  it  melted  at  120°  to  121°  and  the  rotation  of  the  recrystallized 
Bubatance  roughly  determined  in  dilute  cllorkform  solution  was  found  to  be 
about  the  'tame  as  that  of  the  original  pure  a  nitntt! 

(4)  A  saturated  solution  of  the  pure  nitrite  in  acetic  ester  showed  ay,=— 6°  2 
4  reiiing  made  some  time  later  demonstrated  that  the  rotation  of  the  solution 
was  decreasing  After  stan  ling  mer  night  it  had  changed  to  +1°  3  The  solvent 
was  then  lenioied  mi  lacuo  and  the  residue  washed  well  with  ether  only  about 
one  fourth  of  the  weight  of  original  nitrite  remaining  When  this  was  recrystal 
lized  fiom  acetic  ester  it  melted  at  11*1°  5  to  120  5  and  showed  a  rotation  ap 
proximitely  the  laiiie  a-s  the  original 

From  above  exptnments  it  seems  certain  that  the  change  m  rotation  is 
not  caused  hy  a  (.hange  of  the  dextru  into  the  Isvo  a  nitrite  ilfhough 
otherwise  tho  re&ulth  obtained  do  not  appear  at  all  clear 

Wallach  has  shown  that  there  is  no  change  m  melting  point  when  the 
dex;tro  tnd  Hvoamtnte  are  mixed  hente  the  racemic  mixture  ap 
peirs  to  be  very  similar  to  the  a<.ti\e  forms  It  i^as  desired  to  determine 
whether  the  varying  rotation  f  jund  tor  different  samples  of  phellandrene 
could  be  explained  bj  the  presence  of  the  racemic  modification  and  it  was 
thought  that  this  could  be  determined  from  the  rotation  of  the  purified 
nitrite.  In  the  ease  of  the  nitrite  from  oil  XVIIjA,  purified,  the  value 
["]  D~  — 126''.8  at  a  concentration  of  12.3  was  found.  The  nitrite 
obtained  from  XIV,  A,  purified,  gave  [a]  ^= — 124°.  5  at  a  concentration 
of  8.84.    Both  readings  were  taken  about  ten  minutes  after  the  solutions 
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were  made  and  from  the  rate  at  which  the  rotation  was  fo\mtl  to  decrease, 
the  immediate  values  woidd  be  about  tlioso  found  bj-  Wallach.  From  this 
there  appears  no  evidence  that  any  raceniie  form  of  pliellandrene  is 
present  in  either  of  the  two  oils,  the  first  of  wliich  had  a  vahie, 
o  p=+  73°. 5  and  the  second,  ^— -]- 105°.  I^^ter,  another  canse  was 
discovered  for  tliis  varying  rotation  of  the  phellandrene  oils. 

Stability  of  phellandrene. — Wallach  ='  recognized  the  fact  that  phel- 
landrene is  not  a  stable  substance  and  recommended  that  it  be  fractioned 
in  vacuo.  Nothing  farther  is  to  be  foimd  in  the  literature  upon  the 
subject.  It  was  ascertained  that  a  sample  of  phellandrene  after  distil- 
lation at  ordinary  pressure  had  a  rotation  which  was  about  3'  lower  than 
it  had  been  before  this  process. 

(I)  The  diatilled  product  just  nientioiKxl  was  lieatpd  in  a.  tiylitly  9topi>tred 
diritilling  flank,  inimerspd  in  an  oil  bnth,  nml  ninintiiiiiad  itt  inO°  for  ti^rbt  lioiirs, 
after  which  time  it  waa  distilled  from  the  flask;  about  one-flftli  of  the  total 
remained  as  a  vixcoua  residue  almost  insoluble  in  nlooliol.  The  oil  redistilled 
(rom  172°  to  174°  which  is  a  temperature  a  little  higher  than  the  boiling  point 
o(  the  original.     Its  rotation  hnil  decreased  from  +105°  to  +70°.- 

{2)  Tbe  last  distillate  obtained  was  tiipn  acnW  in  a  iinrd-glass  tube  and  heated 
in  an  oven  for  twenty-four  bours  at  250°.  The  product  was  colored  a  slight 
yellow.  It  was  distilled  with  steam,  whereupon  about  15  per  cent  of  non- 
volatile matter  remained  behind.  Tbe  distillate  showed  0^^—25°. 5.  It  boiled 
eomplef*ly  from  171°  to  176. °5.  Phellandrene  was  no  longer  present  and  after 
careful  trials  no  other  tcrpenes  could  be  identified.  Tbe  oil  had  a  very  peculiar, 
benzene  like  odor  which  was  quite  different  from  that  of  any  other  terpene. 

(3)  The  esperiment  was  repeated  with  a  fresh  amount  of  the  original  sample 
of  phellandrene.  This  time  tbe  healing  was  carried  on  at  225°  for  twenty-tour 
hours.  The  product  was  eolored  slightly  j-ellow.  It  was  distilled  with  steam 
and  a  residue  of  nearly  25  per  cent  remained  behind.  The  distillate  had  the 
srfme  peculiar,  benzene-like  odor  and  gave  a  very  slight  test  for  phellandrene; 
Oy,^  —  23.8.  It  trailed  completely  from  171°.5  to  176°. B.  It  appeared  to  he 
identical  with  the  product  obtained  in  the  last  eKperiment. 

|4)  The  combined  residues  obtained  in  tbi'*  and  the  preceding  experiments 
were  distilled  at  10  or  15  millimeters.  A  proper  thermometer  was  not  used  so 
that  the  result  of  the  distillation  could  only  be  roughly  judged.  A  small  amount  of 
terpMie  oil  passed  over  first,  then  a  quantity  of  higher  boiling,  somewhat  viscous 
oil  distilled  before  tbe  temperature  had  risen  much  beyond  200°.  Later,  decom- 
position set  in,  the  temperature  went  much  higher  and  the  distillate  was  very- 
viscous.  It  appeared  certain,  however,  that  one  of  the  polymeric  products  of 
phellandrene,  probably  a  diterpene,  may  bo  distilled  without  decomposition. 

In  order  to  obtain  evidence  as  to  whether  or  not  phellandrene  is  con- 
verted into  the  racemic  form  by  heating,  a  quantity  of  very  pure  phel- 
landrene (XVI,A,  purified)  was  heated  in  a  sealed  tube  at  300°  for  ten 
hours. 

^Ann.  Chem.  (lAebig)    (1895),  287,  372. 
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The  p  hJu  t  was  d  8  1 »!  «  th  tea     anJ  the  1  t    ed  o    showed  «  ^     +38 
Phe  anl    n    n  i   epa  ed  f  o  n  a    n  an        m  It  d  at  119      o 

0    o  afte    t  e  fi  st    ecrjsta     ,at  on  fro      a    t  e  I  o  ofo  in  so       on 

at  a  eoncent  at  on  o!  ^    t  e  epe    flc  totato       po   er      a     fou    1    o  be  nbo 
earn©  as     hat  p  oduced    n  pre       s  cases  by  tl  e  o  n  tr  te  and    he  efo  e  tl  ere 

a      o  ce    I  a    an      acen      p  e  landr  ne  )  ail  bet     tu  med 

After  w  1  at  1  as  been  I  ro  gl  t  out  -o  leem  ng  tf  e  rap  1  !  ange  n  rota 
to  w  I  1  tl  e  tr  te  un  le  goes  n  sol  to  tnutlmlre  n  nl 
tl  at  tl  e  alue«  obta  le  I  f  r  tl  ]  roj  erty  f  tl  e  tr  te  are  o  ly  ap- 
prox  ate  I  ut  wl  e  they  are  taken  for  1  fferent  s  j  les  u  ide  the  a  e 
0  d  t  ona  tl  e    are  al  u    lantlj  a  lequate  for  pui poses  of    on  par  so 

rh  jhellanlrene  Uhol  n  tl  1  eat  ng  e\]  er  n  entb  (1)  (^)  i  1  (3) 
OR  takei  fro  sin  j  le  \I\  \  p  i  tie  1  wl  h  as  is  11  be  brought  out 
laf  r  onta  1  a  snail  ano  nt  of  Iv  o  Imoiene  Tie  proceti  vaa  ' 
therefore  rej  eate<l  w  th  qua  t  tj  of  X\  I  A  p  r  fi  1  wl  cl  so  far  as 
t  was  pos''  ble  to  dete  Tn  nc  s  j  ure  pi  llan  Ire  o  The  subatan  e  was 
heated  na  aleltub  for  forty  e  ght  hours  at  ^10  to  "l*!  Th  prod 
ct «  a  colorlea  1  he  n  1  aft  r  1  a  g  1  n  d  t  He  1  w  th  tean  1 11  ga  e 
a  alight  test  for  phellandrene  and  showeda  ^^ — 18°.  Thehevo-rotation 
of  the  product  appeals  theiefore  to  be  due  to  i  product  of  isomerizatiou 
of  phtUandrene  This  oil  when  d]«sohed  m  cold  carbon  tetrachloride 
and  heated  with  bromint  combined  at  once  with  less  than  3  atoms 
of  the  latter  and  considerable  hydrobromic  atid  was  eyolve<l.  Further 
action  was  much  slower  Ihc  same  result  was  obtained  in  glacial  acetic 
acid,  although  in  thi«  ca^c  the  evolution  of  liidrohromic  acid  was  not 
so  apparent  as  it  was  probabh  held  m  bolution  by  the  acetic  acid. 

A  jiortion  of  tht  same  sample  of  freshh  purified  phellandrene  used 
in  the  Hst  expeimiont  was  sealed  m  a  nearly  filled  flask  and  allowed  to 
stand  for  three  months  The  ongmal  rotation  was  o  jj^+129°.8. 
On  opening  the  flask  it  was  found  lo  be  a  'Jj  — 127'',1,  accordingly  a 
decrease  of  about  3°  Phellandrene  therttort  undergoes  a  slow  altera- 
tion at  ordmarj  temperatures  prohablj  the  same  which  takes  place  more 
rapidly  at  a  higher  temperature 

ictton  of  hydrochlonc  add  —  \hout  30  grams  of  phellandrene,  taken 
from  the  oil  Y  \,  purified  wire  heatid  with  metallic  sodium  for  a  few 
minutes  then  distilled  from  the  later  into  i  dry  fractioning  flask 
(a  jj^+115  5°)  and  mixed  with  an  equal  volume  of  dry  carbon 
disulphide  A  slow  stream  of  ^cry  dry  hydrochloric  acid  was  then  passed 
into  the  liquid  the  exit  tube  having  been  attached  to  a  tube  of  calcium 
chloride  The  acid  was  readih  abioibed  and  the  liquid  appeared  to 
become  heated  more  quickl)  than  when  limonene  had  been  employed 
under  the  '.amc  conditions     It  was  kept  cool  by  immersing  the  flask 
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in  a  dish  of  water.  After  four  or  fi\c  lunirs,  tlic  absorption  appearetl 
to  be  nearly  coiiiplt'te,  liiit  tlie  cTirreiit  of  ai'id  was  wntiiuit'd  for  sevora! 
hours  longiT.  The  contents  of  the  flask  were  then  distilk\l  at  reduced 
pressure.  After  the  excess  of  acid  and  the  carbon  dtsuljthide  liad  been 
remove<l,  the  residue  was  distilk'il  at  as  low  a  presure  as  coidd  lie  main- 
tained, considering  that  hydrochloric  aeid  ap])eared  continually  to  he 
given  off.  Tlie  product  hoilfnl  completely  within  a  raiifre  of  15°  or  20° ; 
the  distillate  contained  mucli  ter])cne  and  posHewned  a  very  strong  odor 
of  hydrochloric  acid.  Phellandrene  behaves  (|uite  differently  froiTi  tl- 
monene,  and  the,  hydrochloride  which  appears  to  he  formed  at  ordinary 
temperature  is  docoin])09ed  to  a  large  extent  by  distillation  at  reduced 
pressure. 

Action  of  bromine. — Several  investigators  have  stuilied  tlie  action 
of  bromine  ujion  phellandrene-containing  oils  and  from  their  work  it 
appears  that  the  substance  takes  up  at  once  only  'J"  atoms  of  hromine  to 
form  an  oily  dibromide.  It  was  desired  to  ascertain  whether  this  dibro- 
mide,  when  produced  from  pure  jihellandxcnc,  c-oiihl  be  obtaiiic<l  in  the 
crystalline  form. 

Tlirce  nnU  one-tpntli  {ti'iLms  uf  plipllantlrTOc.  tiikcn  fioni  siunplc  X\"i,A.  purified, 
were  dissolved  in  3  volumes  of  oni'lmn  tetrad iloride  and  t]n>  Hohiliciii  (■doled  in 
a  freezing  niisliiie;  3.4  gninis  bromini'  (2  iitoins)  dlHsolvwl  in  3  vohinics  of  tlie 
HHme  siolvent  and  cooled  were  tlien  slowly  udtled  to  tile  flTHt  nolution,  wliicli  wan 
eontinuously  nhaken,  nliilc  ininierHed  in  tlie  fi'cezinft-mixtlire.  Tlie  eolor  of  the 
bromine  disappeared  immediately,  until  nearly  ull  lind  been  added ;  tlie  liHt  few 
drops  prodneinR  h  coloi  wlileli  remained  for  over  one  minute  ami  fumes  of 
liydrobromic  aeid  tlien  appeared  Tl  e  dilution  was  tlien  eva|)orate<l  in  vacuo 
for  aemral  lours  in  order  completilj  to  remove  tlie  siilvent.  Tlie  residue,  a, 
quite  mobile  oil  «as  allowed  to  reinnin  in  the  ice  eliest  for  twenty-four  liourt, 
but  did  not  crjstalliKe 

(  rystalhne  auto  on  Idion  [lodii  t  jf  [•helhuulri'nc — It  was  fn.>quently 
obser\ed  that  sample  of  pnnfiel  oils  on  standing  deposited  a  greater  or 
less  quantity  of  cnstals  upon  the  walls  of  the  containing  vessel.  In  most 
cases  even  after  long  iitanding  the  amount  of  crystalline  substance  was 
small  m  ])roportion  to  that  of  the  oil  but  in  several  instances  about  O.'i 
gram  ivai  obtained  frtm  50  to  73  grams  of  oil.  One  sample  of  purified, 
high  boiling  oil  not  oier  ^5  grams  m  amount,  deposited  nearly  0.5  gram 
of  this  crystalline  substance  soon  after  distillation.  It  was  later  observed 
that  in  no  case  were  crystals  found  in  an  oil  derived  from  a  sample  of 
elemi  known  not  to  contain  phellandrene.  Although  at  this  time  some  of 
the  oils  had  been  eom]>Ietely  used  up,  it  was  observed  that  more  or  less  of 
the  crystalline  substance  could  l>o  found  in  both  the  terpene  and  the  high- 
boiling  oils  on  hand,  which  were  derived  from  phellandrene-eontaining 
samples.  It  seems  almost  certain  that  the  8ul)stanee  is  derived  from  phel- 
landrene. In  all  cases  which  were  studied,  the  crystals  from  different 
oils  were  found  to  be  identical.     They  are  mtiderately  soluble  in  alcohol 
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and  acetic  ester,  sparingly  so  in  ether  and  chloroform  and  almost  insoluble 
in  petroleum  ether.  They  are  best  purified  by  recrystalliKation  from  hot 
acetic  ester,  from  which  solvent  they  separate  on  cooling  as  fine  needles, 
melting  at  164°. 5  to  165", 5.  In  most  cases  they  were  pure  after  the  first 
crystallization.  In  the  condition  in  which  they  are  encountered  in  the 
oil,  the  crystals  are  colorless,  hexagonal  prisms  generally  of  good  size; 
two  of  the  largest  weighed,  when  taken  together,  just  1  centigram.  The 
body  is  probably  the  same  as  that  noted  by  Tschirch  and  Cremer  and  also 
previously  observed  by  Wallach  in  eJemi-oU,  Analyses  gave  the  following 
results : 

(1)   0.1667  gram  subBtance  gave  0.4322  gram  CO-  and  0.1607  gram  H,0. 


(2)   0.0713  gram  substance 
Required  for  C,„' 


-e  0.1853  gia 


CO:  and  0.0708  gram  ILO. 


10.71 


LI, 03 


The  substance  is  probably  a  dihjilro.xy-pbellandrene.  That  it  is  of 
the  simple  formula  given,  rather  than  a  polymer,  is  indicated  by  the 
fact  that  it  sublimes  very  readily  when  it  is  heated  below  its  melting 
point. 

As  to  the  physical  constants  of  phellandrcne,  the  values  obtained  from 
XVIjA,  purified,  should  be  given  preference.  Those  of  several  of  the 
other  samples,  most  of  which  it  will  be  seen  later  contain  small  amounts 
of  Itevo-limoncne,  are  also  given  in  the  following  table  there  being  of 
course  very  little  difference  except  in  the  degree  of  rotation. 


"•sr-- 

BoHing 

point 

complin  le. 

a"" 

"d 

•(€' 

Boiling  poliitatrtiluced 

XV1,A,  purified 

V,A,  purlflod  _      

bt 

105.1 

j.4m 

o.mi 

■^ 

XVin,A,  purified  —j      172-1J8.  ft 

Two  determinations  each  gave  the  specific  gravity  at  {'^9) 
0.0075  less  than  that  at  {^^). 

The  boiling  point  of  phellandrcne  is  s 
that  of  limonene;  the  specific  gravity  is 
refraction  is  somewhat  higher. 

In  discussing  the  constitution  of  pheliandrene  AVallach  =^  has  recently 
deduced  the  molecular-refraction  of  the  substance,  deriving  his  number 


n  to  be  about  4°  lower  than 
iittle  less  while  the  index  of 
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from  the  pliellandreiie  obt«ino<l  from  ehini  oil  by  fractionation.  From 
the  present  work  it  can  be  eoun  that  tltis  "phellandreue"  was  partly  limo- 
nene,  although  it  can  also  he  seen  that  the  limoneno  would  have  little 
influence  upon  the  value  obtained. 

TERriNENE. 

Terpinene  has  been  identified  in  only  two  essential  oils,  and  in  these 
eases  by  means  of  its  nitrite,  which  separates  in  the  crystalline  form  on 
treating  the  oil  dissolved  in  ligroYn  with  nitrous  acid  and  allowing  the 
reacting  substances  to  stand.  Both  of  these  oils  contained  a  mixture  of 
terpenes  and  from  these  it  is  possible  to  learn  very  little  concerning  ter- 
pinene itself.  The  latter  has  also  been  shown  to  be  present  in  a  number 
of  products  resulting  from  chemical  operations  in  the  laboratory,  but  it 
appears  always  to  be  largely  mixed  with  other  terpenes.  In  general, 
fractions  of  terpinene-eontaining  oils  whioh  boil  at  about  180°  appear 
to  have  given  the  best  yields  of  the  nitrite. 

The  purified  terpene  oil  obtaine<I  from  Sample  IV  was  practically 
inactive,  it  boilect  almost  completely  from  174°  to  IT'i"  5  and  every 
effort  made  to  detect  some  other  ter]>ene  i  aw  Chs     1 

gave  a  good  yield  of  terpinene  nitrite,  wh       a  p  a  oo     af 

the  addition  of  the  nitrous  acid. 

There  is  every  indication  that  the  oil  was  n  ug       e 

boiling  point  was  lower  than  would  be  exp     e<       T      f      w  pe 

ments  shown  how  poorly  we  are  able  to  j     g  g  P   ii 

t«rpinene,  if  we  take  as  a  criterion  that  of  p      u  n  n 

(1)  A  quantity  of  phellandrene  (a  jj=-fl22  dd  d  n  eq 

lane  of  alcoholic  sulphuric  acid  consisting  of  2  p  rt  d 

2  parts  acid,  by  weight.    The  mixture  was  place  11  d  u 

water  bath,  with  a  reflux  consider,  for  six  hour  dd 

the  oil  taken  up  in  ether  and  driven  over  witl  m  h         ed         ed 

and  divided  into  two  fractions:    (1)    1^5°  to  17  8  N     h 

fraction  gave  the  test  for  phellandrene.     Both  ga        rj  ti  n 

but  these  appeared  more  quickly  in  (1)  and  wer    m  d  n 

(2)  A  terpinene-eontaining  oil  was  prepared  a  g         Vi      a      "  by 
action   of   alcoholic   sulphuric   acid   upon   pinen       T  fr         n  d     nto 
tour  portions.     The  second  fraction,  175°  to  180°   g                   p  wh 
the  third,  180°  to  186°,  gave  a  small  amount. 

Terpinene  does  not  differ  much  in  physical  properties  (see  Sample  IV), 
from  limonene,  except  in  refractive  power. 

The  isolation  of  a  considerable  quantity  of  terpinene  will  afford  an 
excellent  opportunity  for  studying  the  constitution  of  this  terpene.  The 
purified  oil  which  I  had  at  my  disposition  was  not  great  in  amount 
and  some  of  it  was  used  in  other  work.     The  quantity  remaining  was  not 

"Ann.  Chem.   {lAeUg)    (1886),  227,  283. 
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deemetl  siifBcicDt  to  undertake  the  problem.  Preliminary  experiiiieiite 
showed  tliat  a  coiisiderablo  proportion  of  a  en'stalline  acid  was  formed 
by  oxidation  with  4  per  cent  perraanganate  in  the  cold.  Tlie  proiluct 
obtained  appeared  to  be  a  mixture. 

I.L\&SlrR«If>h    Oh    nil     IJIIUM,  OILS 

(1)   Of  the  ^1  samples  (.xammed,  10  frait  purt  dt^tro  iimonene 

(3)  Nine  of  the  remaining  od''  including  all  but  tliL  two  optically 
inactive  ones  contained  more  or  les's  phellandrene  ']  lie  nine  phellan- 
drene-eontainmg  oils  fall  into  t^vo  claiisea 

(a)  Thow  ihowmg  an  initinl  Iwilmg  point  deiidcilh  liwer  than  that 
of  phellandrene  and  possessing  a  peculiar  indefinable  odor  Th(«e  are 
the  oils  from  Samples  VII,  X,  and  XV,  and  all  are  dextro-rotatory. 
The  oil  from  Sample  X  has  the  lowest  initial  boiling  point  and  its  rotation 
is  decidedly  the  smallest.  The  data  obtained  upon  the  physical  constants 
of  these  oils  do  not  lead  to  any  decided  eonelnsion,  but  it  appears  e.x- 
trenicly  improbable  that  any  body  like  pinene  is  present  in  them.  From 
the  marked  regularities  which  are  found  to  exist  in  the  different  samples, 
it  seems  very  probable  that  hg  ha^e  present  in  these  three  cases  one  of  the 
unidentifieil  terpenes  of  the  limoncne  series. 

(h)  Of  the  remaining  si\  phLlIandrene-containing  oils  from  Samples 
V,  XI,  XIV,  XVI,  XVII  and  XVIII  one  wa.s  l^vo-rotatory  and  the 
others,  although  they  were  all  highh  dextro-rotatory,  showed  a  consider- 
able variation  in  rotation.  The  two  giving  the  greatest  variation  also  had 
a  slightly  higher  boiling  point,  while  the  others,  to  judge  from  their 
boiling  point,  appeared  to  be  pure  phellandrene.  As  has  already  been 
brought  out  in  the  discussion  of  Sample  XI,  this  oil  consisted  largely  of 
Iffivo-limonene. 

In  summing  up  this  work  it  was  suspected  that  the  variation  in  the 
rotation  of  the  other  phellandrene  containing  oils  was  due  to  the  presence 
in  them  of  small  amounts  of  Isevo-limonene  which  could  not  be  detected. 
As  shown  in  the  experimental  work  which  is  detailed  just  below,  the  pres- 
ence of  Iffivo-limoneiie  could  readily, be  proved  by  the  addition  of  a  small 
portion  of  dcxtro-limonene  to  the  oil  and  the  subsequent  isolation  of 
dipentene  tetrabromide.  .The  presence  of  Isevo-limonene  was  prove 
in  oils  XVII,A,  purified,  and  XVIII.A,  purified.  XIY,A,  purified,  had 
been  used  up  in  previous  work.  In  V,A,  purified  (a  ,^^  +  122''. 6) 
and  XVI,  A,  purified  {«  j)=129''.8),  it  can  not  be  definitely  concluded 
whether  or  not  lievo-limoncne  was  present  and  it  can  be  readily  seen 
that  if  present  at  all  it  was  in  very  small  amounts. 
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in  a  freezing  mixture  with  bromine  in  atnyl  aleoliol  and  etiier.  Crystals  began 
to  separate  very  quickly  and  after  two  or  tliree  liours  they  were  filtered  and 
washed  witli  a  small  amount  of  aleoliol.  Yield.  O.H  grain,  ^^'hen  reeryelallized 
from  alcohol  the  melting  point  was  118°  to  121°.  The  latter  was  not  altered 
much  by  reerystallizing  twice  from  a  inixtme  of  alcohol  and  acetic  ester.  The 
final  melting  point  was  118°  to  120°.  The  product  was  apparently  a  mixture 
of  dipentene  and  limonene  tetrabroinides.  A  Hnmple  of  pure  dipentene  t«tm- 
bromide  was  then  mixed  with  about  10  per  cent  of  pure  dextro- limonene 
tetrabromide  and  the  product,  after  bejnp;  TecrystnltiKed  once  from  a  mixture 
of  alcohol  and  acetic  ester,  melted  at  117°  to  110°.    Tliis  conflriued  the  previous 

As  too  great  a  proportion  of  dextro- limonene  appeared  to  have  been  lidded 
in  the  last  experiment,  it  was  repeated,  using  just  about  one-half  the  amount. 
From  0.45  gram  of  the  mixture  tiiere  was  obtained,  after  three  hours,  0.05  gram 
of  dry  crystals  which,  after  having  been  recrystallized  once  frotn  a  mixture 
of  alcohol  and  acetic  ester,  melted  at  124°  to  125°  aril  the  nulistance  whs  ac- 
cordingly dipentene  tetrabromide. 

Four  grams  of  XVIII, A,  purified,  were  mixed  with  0.4  gram  of  dextro- Hmonene 
and  treated  with  bromine  as  bi-foic.  After  the  proiiuct  hud  stood  over  night, 
0.2  gram  of  crystalline  bromide  was  obtained,  this  lieiiig  only  alwut  one-third 
of  the  amount  isolated  in  the  previous  case.  After  recrystnllizatiim  from  a 
mixture  of  alcohol  and  acetic  ester  the  body  melteil  at  124°  to  12-')°  and  was 
accordingly   pure   dipentene   tetrabromide,        , 

Both  V,A,  purified,  and  XVI.A,  pnrifiml,  the  fi>rnier  at  leant  prpHiuiitibly  con- 
taining a  very  small  proportion  of  lie vo- limonene,  were  treated  with  15  per  cent 
of  their  weight  of  dextro-limonene  and  brominated  in  the  usual  manner.  In 
neither  ease  had  a  trace  of  the  crystalline  product  separated  after  twenty-four 
liours  but  in  each  instance  after  two  or  three  days,  a  small  quantity  of  crystals 
appeared  which,  after  recrystal ligation,  melted  at  about  124''.  No  great  sig- 
nificance is  attaolied  to  this  for  it  was  found  that  XVI], A.  purified,  when  it 
was  brominated  without  tlie  addition  of  limonene  after  standing  for  several 
days  yielded  tt  very  small  amount  of  crystals  which  had  about  the  same  molting 
point:  the  appearance  of  dipentene  tetrabromide  in  these  cases  is  possibly  due 
to  the  continued  action  of  hydrobromic  acid  upon  limonene  tetrabromide. 

(3)  Tho  two  remaining  samples  of  resin  gave  almost  optic-ally  in- 
autivy  oils  which  were  found  to  ho  torpineno  anil  tcrpinok'nc, 

IJIGH-BOILINO  OILS. 

The  (lata  obtained  from  the  purified,  high-boiling  oils  are  placcil  in  tho 
table  below,  in  order  to  make  plain  the  relations  existing  between  them. 
The  boiling  points  at  reduced  pressures  have  already  been  given  under 
the  different  samples.  These  different  boiling  points  were  taken  at  some- 
what different  pressures,  as  it  was  not  possible  to  obtain  the  same  pressure 
from  day  to  day.  However,  the  variation  in  pressure  was  not  great  and 
it  may  be  seen  that  the  boiling  points  of  the  many  different  constant- 
boiling  products  jsolateil  were  almost  the  same,  the  difEen.'nce8  not  being 
over  a°  or  3°  when  referred  to  a  common  pressure.     These  oils  did  not 
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boil  as  constantly  as  the  pure  terpene  oils  which  were  isolated,  but  they 
passed  over  completely  ivithin  a  range  of  from  8°.S  to  3°. 5. 


.«..■„.,„„. 

H' 

•!? 

■sr 

alcohof(Tjy 
volume). 

—0.5 
— 2.^ 
—2.6 

—2.4 

+2 
—2.7 

1.4B85 
1.4957 

,. 

95S9 

riI,B.  purified 

J,5 

' 

I 

In  this  table  every  measurement  which  has  been  made  is  recorded.  In 
two  or  three  eases,  as  already  stated,  it  was  found  impossible  to  obtain  a 
constant-boiling  product  from  the  crude  distillate  and  in  other  instances 
no  high-boiling  distillate  was  taken. 

The  oils  are  arranged  in  the  order  of  their  speciiic  gravities  and  it  will 
at  once  be  seen  that  the  indices  of  refraction  arrange  themselves  in 
precisely  the  same  way,  with  the  exception  of  XVII1,B,  purified,  which 
has  an  index  about  0.0035  lower  than  it  should  have.  This  same  oil 
is  also  exceptional  in  that  it  is  slightly  dextro-rotatory,  while  all  the 
others  are  slightly  Iffivo-rotatory.  All  the  oils  are  practically  optically  in- 
active excepting  XII,B,  purified,  which  stands  apart  in  all  respects  from 
the  others. 

Analyses  of  XII,B,  purified,  are  as  follows: 
(!)   0.1455  gram  aubatance  gave  0.4 
(2)   0,1400  gram  aubstance  gave  0.4405  gi'i 
Kequited  for  C„H„0 


309  gia 

1.1  CO.  a 

d  0.1503  gram  H.O 

405g.>a 
ID 

n  CO,  a 
Found 

d  0.15^4  gram  H.O 
(2) 

■eroent. 

80.77 

R0.03 

11.4S 

11.44 

Tlie  analyses  are  in  tolerably  good  agreement  witli  the  formula  assignee]. 
The  substance,  which  had  remained  as  an  oil  for  three  months  after 
purification,  become  solid  when  the  inside  of  the  bottle  was  scratched  with 
a  glass  pipette.  It  dissolved  in  all  the  organic  solvents  in  any  proportion 
and  when  an  attempt  was  made  to  recrj'stallize  it  from  dilute  alcohol  in 
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the  cold,  it  separated  as  an  oil  Tlie  bo<h  ii  almo«t  colorless  and  possesses 
a  mild  plcabint  odor  It  is  luoderatch  viscous  \t  ordinary  pressure 
it  Jistills  at  270°  to  380°  with  the  fonuation  of  water 

\  half  dozen  or  more  0T3gen  containing  snbstance-.  mostly  crystalline, 
haie  been  isolated  from  the  high  boiling  poitions  of  different  essential 
oils  The>  have  in  general  the  same  properties  as  this  liody  and  to 
most  of  them  the  same  chemical  forunila  has  been  assignoil.  They  are 
sometimes  known  as  sesqniterfiene  akoliols  'lo  judge  from  the  data 
gnen  m  tht  iho\e  table  the  hoih  is  raditali)  difftrent  from  any  of  the 
other  constant  boiling  pro{Jutt  isolated  from  difftrtnt  samples  and  as  will 
be  seen  lattr  it  is  not  a  constituent  of  an\  of  these  oils  It  is  evidently 
practicalh  a  pure  snbstance  and  its  ociurtnce  m  tliih  single  sample  is 
most  remark  abk 

All  of  tliL  other  oils  gncn  m  the  table  are  tloscly  related  and  arc 
grouped  together  In  addition  to  the  regular  \ariatinnfl  nireaily  noted, 
there  is  a  ccnstant  increase  m  \iscosit>  from  the  first  oil  to  the  last. 
'Ihe  first  IVr  purified  I""  very  mobile  wliilc  the  last,  \VI,B,  purified, 
IS  very  viscous  All  of  these  regulantits  it  oikc  suggest  that  we  have 
in  these  different  products  a  mixture  of  t«o  snbstances  in  varying 
proportions  and  this  is  undoubtedly  tht  case  The  following  analyses 
tend  to  confirm  thih  \iett  the  numbers  obtainid  for  \VI,B,  purified, 
are 

(II   0  1')H  ^Tim  lubsUnti.  (,up  n  '-j3'(  gum  Cll    ml  (I  1114  ^naiii  H,<). 

12)   0  IblO  „ram  subst  ince  gii\e  0  4721  gram  CO   and  0  103"  pram  H.O. 

Found 

(1)  (2) 

C=78.9fi  70.00 

H=11.34  11.10 

The  analysis  of  X1V,B,  purified,  gave  the  following  results: 

(1)  0.1482  gram  substance  gave  0.4286  gram  CO,  nnd  0.1400  gram  H,0. 

(2)  0.1580  gram  substance  gave  0.4547  gram  CO,  and  0.1580  gram  H,0. 

(3)  0.2116  gram  substance  gave  0.6132  gram  COj  and  0.21.17  gram  H,0. 

Found 


C=78.97  78.40  79.03 

H=10.95  11.17  11.22 

The  figures  obtained  for  III,B,  purified  are  as  follows : 

(1)   0.1C83  gTiim  substance  gave  0.4020  gram  CO;  and  0.153.1  gram  H,0. 

(2|   0.1714  gram  Mubstance  gave  0.4700  gram  C»,  and  0.1500  gram  H,0. 

Found 

(1)  (2| 
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IVjC,  purified,  gave  the  following  numbers ; 

(1)   0.1504  gram  substance  gave  0.3917  gram  CO,  and  0.1163  gram  H,0. 
.  (2)   0.1887  gram  aubstance  gave  0.4917  gram  CO;  and  0.1420  gram  H,0. 

(3)   0.2388  gram  substance  gave  0.0245  gram  COi  and  0.1850  gram  H,0. 


C  =7 1.03 

71.07 

H=  8.5y 

SM 

lis    (3)    »'i 

IS  made  of  a  i 

Jiidtlle  fraeti 

1  of  tlie  substance,  redistilled  in 

If  we  consider  that  these  oils  belong  tither  to  tiic  ttrpene  or  "^csqui 
terpene  class,  and  are  eompMod  of  the  'substances  having  the  formula 
CijHjo,  CioH,,  or  their  oxygen  derivatives  then  taking  the  boiling  point 
into  consideration  wc  have  in  general  thrcf  po'iibilitiet,  namely  (1)  a 
sesquiterpene  or  (3)  a  dioxygen  derivative  of  a  terpene  or  (3)  i  mono- 
oxygen  derivatives  of  a  sesquiterpene  ma\  be  present  The  sesquiter- 
penes are  almost  insoluble  in  dilute  alcohol  the  sohibihties  in  S5  per  cent 
alcohol  (by  volume)  respectively  of  pure  cadinene  prepared  from  the 
hydrochloride  and  pure  cedrene,  distilled  from  oil  of  cedar  were  deter- 
mined and  found  to  be  practically  nil.  The  different  high-boiling  oils 
from  eJemi  were  then  tested  with  the  result  that  they  showed  a  consider- 
able solubility  in  55  per  cent  alcohol;  this  solubilitv  whnh  m  •several 
instances  is  given  in  the  table,  varied  just  as  do  their  other  properties 
In  a  few  instances  there  was  evidence  of  a  trace  of  sesquiterpene  but 
the  amount  was  inconsiderable.  That  the  soluble  constituents  of  the  oil 
would  have  no  great  effect  upon  the  solubility  of  a  sesquiterpene,  if  such 
a  substance  were  pr^ent,  was  shown  by  adding  a  small  amount  of  the 
latter  to  several  of  the  clear  solutions. 

The  solubility  of  oil  XVI,B,  purified,  the  last  one  of  the  series,  ia  very 
close  to  that  qf  the  pure  sesquiterpene  alcohol  XII,B,  purified  (see 
p.  34),  so  that  the  assumption  that  we  have  here  a  substance  similar 
to  the  latter  seems  to  be  verified.  Moreover,  the  analysis  of  XVI,Bj 
purified,  shows  that  its  composition  is  close  to  that  of  a  sesquiterpene 
alcohol.  On  the  other  hand,  the  member  at  the  other  extreme  of  the  series 
IV,C,  purified,  has  a  much  greater  solubility  in  56  per  cent  alcohol,  this 
property  being  remarkable.  Considering  the  analysis  and  the  boiling 
point,  the  latter  substance  is  a  dioxj'gen  derivative  of  a  terpene  and  is 
nearly  pure;  all  of  its  properties  are  in  accord  with  this  assumption.  The 
numbers  obtained  on  analysis  show  too  great  a  difference  from  any  formula 
which  can  be  calculated  for  the  oil  for  it  to  be  considered  as  being  pure. 
CjoHijOa  requires  72.28  per  cent  for  carbon  and  8.44  per  cent  for  hy- 
drogen.    This  oil  is  slightly  yellow  in  color,  of  a  very  mild,  pleasant 
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txior  and  is  perfectly  miscitile  with  «11  tlip  solvents.     It  redistilled  from 
275°  to  270°  nt  ordinary  pressure,  with  the  formation  of  water. 

The  other  oils  aro  all  more  or  less  yellow  in  color.  Eeeause  of  the 
great  viecoBity  of  the  oils  in  the  lower  part  of  the  series  and  also  beeaiisc 
of  their  lack  of  optical  activity,  it  si'enis  certain  that  the  sesquiterpeno 
derivative  contained  in  tliem  is  quite  ditTerent  frora  the  optically  active 
substance  XTT,B,  purified. 


The  crystalline  residue  obtained  from  riemi  by  treating  it  with  alcohol 
has  been  worked  with  by  many  chemists  aiul  has  long  been  known  as  amy- 
rin.  Banp,-'  who  appears  to  have  employed  Manila-e^CHii  in  his  work, 
gives  17-i°  as  the  melting  point  of  the  sulwtanee.  Yosterlwrg  -*  who  also 
uEwl  Manila-c/e«(.i  was  unable  to  obtain  a  constant  melting  point  anil 
showed  that  the  substance  is  a  nii.vture  of  two  very  similar  IkmIios,  which 
were  separated  by  means  of  their  acetyl  derivatives;  those  bodies  are 
a-amyrin,  melting  point  180°  to  181°,  and  ^-aniyrinj  melting  point 
193°  to  194°.  Tschireh  and  Oivmer  give  170°  to  171°  as  the  melting 
point  of  amjTin  from  Manila-eZcfHi,  after  rep<!ated  crystallization. 

I  wished  to  note  if  there  was  any  variation  in  the  amyrin  obtained 
from  individual  samples  of  elemi;  it  was  thought  that  possibly  o-amyrin 
or  ^-amyrin  might  be  fonnd  in  a  pure  condition,  when  derived  from  the 
resin  of  a  single  tree. 

Two  samples,  A'^IIl,  from  which  had  been  isolated  pure  limonone,  and 
XVIII,  which  had  yielded  almost  pure  phellandrene,  were  examined. 
In  neither  case  could  a  body  of  constant  and  sliarp  melting  point  be  ob- 
tained; the  products  resulting  from  several  rccrystallizationa  behaved  as 
mixtures,  although  eonipartively,  they  melted  at  about  the  same  tem- 
perature. ■ 

CHANGES  IN  TUB  RE8IN  ON  STANDING. 

Pcrtion^-  ot  three  of  the  '-amplcs  of  reiin  uacd  m  thife  work  were 
allowed  to  stind  for  about  iitteen  months  in  eoveretl  jara  at  the  end  of 
which  time  they  mere  still  moderateh  ?*>ft 

(I)  Sample  IV  jielded  much  I«sa  terpene  oil  »lien  heated  to  150°  than  it 
had  formerlv  The  oil  after  hating  been  purified  in  the  usual  manner  distilled 
almost  completely  fiom  S2°  to  84°  at  38  5  millimeters  this  being  the  same  as 
the  boihng  pomt  of  the  pure  oil  isolated  from  this  sample  fifteen  months  before. 
l!.ssentiall>  it  liad  undLigone  considerable  rjiange  Its  physical  constants  are  given 
m  compaiison  nith  those  of  H  \  purified  preMOTl-*!}  isolated  The  oil  obtained 
from  the  old  iP*iin  when   treated  with  nitrous  acid    jielded  only  a  very  small 
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amount  of  terpinene   nitrite,   whereas   the  oil   IV,A,   purifled,   which   had   stood 
in  a  bottle  for  fifteen  months  still  gave  a  very  rich  yield  of  the  nitrite. 


•ff 

•i" 

■(f 

IV  A  purlfl  1 

OH  obtained  after  standing 

+     6 

1  im 

14 -i 

(2)  kample  T  was  distilled  b*  heating  it  to  155°  The  terpene  oil  was 
purified  in  the  usual  manner  and  boiled  eomptetply  within  about  2°  It  was 
found  still  to  be  laigely  phellandrene  although  it  differed  somewhat  from  V  A 
purified  wl  leb  had  been  preiioualj  isolated  from  this  -laraple  The  refiaetive 
inde\  had  inerea-ied  bv  -ibout  0  0050  ind  the  rotation  had  fallen  from  +122°  fl 
to  +81°  2 

(3)  Saifpie  1/ was  heat*Ml  t>  150  and  tl  e  terpent  oil  remove  1  Tl  e  purified 
prodnit  was  found  to  be  destri  litnonene  prattically  unchanged  j  [7=1  '16"9 
B  ^=  +  100°.3. 

According  to  those  rosults  limonone  is  imchanged  by  reason  of  the 
continued  standing  of  the  resin  containing  it,  whereas  phellandrene  and 
tcrpinene  are  hoth  largely  altered.  I'or  reasons  already  given  it  was 
impossible  to  remove  and  pnrify  the  higli-boiling  oils  of  these  samples. 

DKSTRUCTIVK  DISTILI^TION  OF  THK  RESIN. 

When  ehmi  is  distilled  at  ordinary  pressure,  nearly  all  of  the  terpene 
oil,  accompanied  by  the  free  water  in  the  resin,  first  passes  over  with 
practically  no  decomposition  in  the  latter.  By  increasing  the  heat,  a  large 
amount  of  the  high-boiling  oil  may  be  driven  off,  but  at  the  same  time 
the  resin  undergoes  some  decomposition.  Finally,  by  continuing  the 
heating,  the  residue  may  be  decomposed  and  largely  converted  into  volatile 
products,  including  water,  gases,  low-and  high-boiling  oils;  the  final  res- 
idue is  a  very  viscous,  black  tar,  constituting  about  15  per  cent  of  the 
original  resin.  The  total  amount  of  prodticts  which  may  be  condensed, 
including  5  or  10  per  cent  of  water,  is  nearly  70  per  cent  of  the  weight 
of  the  resin. 

A  total  distillate  of  300  grams  of  oil  obtained  in  one  experiment  was 
redistilled  and  gave  the  following  fractions:  (1)  To  250°,  155  grams; 
(3)  350°  to  300°,  75  grams;  (3)  300°  to  360°,  45  gram.  The  residue 
was  very  viscous  and  dark  colored. 

In  another  experiment  the  original  distillate  was  separated  into  3 
fractions:  (1)  Twelve  per  cent  of  the  resin,  that  portion  taken  tintil 
a  thermometer  placetl  in  the  neck  of  the  flask  had  reached  310° ;  (2)  15 
per  cent  of  the  resin,  from  210°  to  370";  (3)  37  per  cent  of  resin, 
that  part  formed  by  a  slow,  destructive  distillation  of  the  residue;  in 
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this  oase  the  temperature  reconlwl  by  tlio  thpriiio meter  depended  very 
largely  upon  the  rapidity  of  the  ditftilhition.  The  different  fractions 
were  redistilled  with  the  following  results: 

ID    fTO"   to  180°  iilmost  completely;  rpsicliic  .id.li'il  tn   (2);   SS  prr  oent 
to  200°. 

(2)  30  per  cent  from  200°  to  260";  40  per  cent  from  200°  to  280°;  residue 

added  to   ( 3 1 . 

(3)  10  per  cent  be)ow  200°  beginning  very  low;  30  per  cent  frojii  200°  to 

250°;  30  per  cent  from  250°  to  300°;  15  per  cent  from  300'  to  350°. 

The  separations  made  in  the  iibove  experiments  are  naturally  incom- 
plete, but  they  give  an  approximate  idea  of  the  composition  of  the  crufJc 
distillate.  It  will  be  seen  that  a  product  boiling  Mow  301)"  constitutes 
over  one-lialf  the  weight  of  the  original  resin,  which  proiluct  may  bo 
separated  into  ahont  equal  parts  of  low-l>niling  and  high-boiling  oils,  the 
point  of  separation  being  between  200°  and  2-i!>°.  A  smaller  portion  of 
a  more  viscous  oil,  having  about  the  consistency  of  rosin  oil,  is  also 
obtained.  The  low-lwiling  oil  nsulting  from  tlio  decomposition  contains 
a  small  proportion  of  very  volatile  constituents.  All  of  the  oils  obtained 
in  these  experiments  were  colored  and,  except  the  terpcne  oil  removed 
before  detoui  posit  ion  of  the  resin  bad  begun,  i)osscssc<l  on  olTensive  odor. 
The  colored  products  when  reilistilled  are  almost  colorless,  but  change 
again  on  standing. 

ELEJII   OIL   IN   THE   AGGRE<iATE. 

The  combined  results  obtained  by  a  careful  examination  of  the  oils 
obtained  from  31  individual  samples  of  resin  establish  the  true  composi- 
tion of  elami  oil  so  far  as  these  samples  ]nay  be  considered  as  representative 
of  the  aggregate  product.  In  several  cases,  notably  in  the  last  sample 
examined,  substances  wore  obtained  which  were  not  encountered  in  any 
other;  it  seems  possible,  therefore,  that  were  the  investigation  continued, 
still  otliers  would  be  found  in  which  new  constituents  woulil  appear, 
although  such  cases  would  be  rare  and  the  substances  themselves  would 
constitute  so  small  a  proportion  of  the  aggregate  oil  that  they  would 
scarcely  need  to  be  taken  into  account. 

It  is  obvious  that  in  considering  Manila-e/emi  or  the  oil  obtained  there- 
from as  products  of  a  species,  we  must  deal  with  an  aggregate  sample  of 
these  products;  a  sample  derived  from  so  great  a  number  of  individual 
trees  that  the  peculiarities  of  the  individuals  disappear.  If  the  native 
gatherer  of  resin  untilizes  a  large  number  of  trees  and  regularly  removes 
the  resin  from  them  in  small  portions,  the  product  which  he  places 
upon  the  market  will  be  nearly  homogeneous  and  a  representative  sample; 
but  if  he  obtains  his  resin  from  a  limited  number  of  individuals  his 
product  will  not  be  representative  and,  if  he  utilizes  resin  which  has 
accumulate<l  upon  tbe  trees  in  large  quantity,  it  will  not  be  homogeneous. 
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The  great  variation  which  I  found  at  difEereiit  times  in  the  oil  obtained 
from  commercial  ehmi  is  readily  explained.  It  is  plain  what  the  com- 
position of  elemi  oil  is  when  considered  as  an  aggregate  product;  it 
Bhould  be  remembered  that  to  the  Ijevo-limonene  which  accompanies 
phellandrene  should  be  added  an  equal  amount  of  dextro-limonone  and 
the  whole  considered  as  dipentene. 

Granted  that  we  have  a  representative  sample  of  resin,  the  composition 
of  the  oil  will  also  he  influenced  by  the  following  factors : 

(1)  The  age  of  the  resin. 

(3)  The  temperature  of  the  distillation.  This  factor  will  largely 
determine  the  proportion  of  the  high-boiling  part  of  the  oil  and  will 
influence  the  composition  of  the  terpcne  portion,  because  some  of  the 
terpenes  suffer  a  change  at  higher  temperatures. 

(3)  The  length  of  time  used  in  the  distillation.  This  factor  will 
influence  only  the  proportion  of  high-boiling  oil. 

Yield  of  oil. — In  the  first  seven  samples  examined  considerable  dif- 
ference was  foimd  in  the  oil  content.  While  there  may  be  a  certain 
amount  of  variation  shown  by  the  individual  samples  in  this  respect, 
it  is  thought  that  the  differences  found  are  more  directly  connected  with 
the  ago  of  the  resin.  As  previously  noted,  Schimmel  &  Co.  state  that  the 
yield  of  oil  is  from  15  to  30  per  cent.  In  several  cases  where  I  have 
examincil  samples  of  fresh,  soft,  resin  purohased  in  Manila,  I  have  always 
found  the  total  yield  to  bo  from  35  to  30  per  cent  of  the  weight  of  the 
resin. 
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THE  PROXIMATE  ANALYSIS  OF  PHILIPPINE  COALS. 


By  Alvis  J.  Cox. 
(From  the  Chcmivttt  Laboralorii,  Huic/iu  of  iHcicncr.) 


Very  few  data  exist  on  the  rolntioiiiliip  betttoen  tlio  nxhrnnl  np 
peirance  and  tin  properties  of  coal  altlini^Ii  wl  know  that  a  lull  i  al 
11  apt  to  bt  much  higlier  iii  ash  than  a  liistrnis  one  and  shale  cla\  frag- 
ments and  similar  impurities  are  readily  detected  ami  nmovcl  "^tiU- 
man'  sajs  regarding  the  ineehanicallj  inelobctl  tarthy  matter  or  other 
a&h  forming  material  '  It  is  found  in  practice  that  coil  from  the  lanie 
\ein  \arie^  m  e  imposition  with  the  si/o  of  the  coal  the  percentage  of 
ash  increasing  is  the  size  of  the  coal  dimmi'ilios  Ho  gives  analjscs 
of  samples  collected  from  the  Hanto  feereeii  biiil  ling  of  the  Ijelugh  Coal 
and  NaMgatim  Compani  Penns\lvania  from  wliith  he  formulated  tins 
general  tendcnci  A  orresponding  change  m  spe-eific  gravity  would 
prnbabli  also  ha\e  been  notal  had  attention  been  gi\en  to  this  fact 
Perhaps  m  time  some  more  closely  drawn  lines  of  comparison  may  be 
forthcoming  lut  as  jet  we  do  not  knoi*  enough  about  the  connection 
between  the  other  external  characteristics  and  the  e  mpwition  of  a  coal 
to  hnd  these  factors  of  much  practical  ^aluc  At  ])ref.eiit  nothing  sliort 
of  an  analysis  will  satisf)  coal  investigators 

An  elementarj  analysis  of  a  coal  is  ot  ^er^  great  importance  for 
scientific  purposes  but  it  shows  us  little  with  reganl  to  its  ^alue  as  a 
fuel  For  practical  purpcses  a  proximate  anahsis— that  is  the  determina 
tun  of  moisture  \ilatile  ccmbustible  matter  h\ed  carbon  ash  and 
sulphur — IS  of  more  importance  The  figures  so  obtained  give  us  a  very 
good  idea  of  the  real  nature  of  the  coat  The  moisture  and  ash  are 
diluents  but  more  than  that  the  \aporization  ot  the  water  entails  a 
considerable  loss  of  heat  and  the  ash  hinders  complete  cjmbustion  The 
latter  fact  is  shown  clearly  by  the  test  of  PoliIIo  coal*  at  the  Insular 
Cold  Storage  and  Ice  Plant  where  an  anahsis  of  the  ash  showed  it 
to  contain  b3  b  pei  cent  of  combustible  matter  The  heat  which  the 
ash  contains  when  diopped  through  the  grate  constitutes  another  loss, 
clinkers  forme<!  from  the  iron  anl  silica  of  the  ash  hinder  the  draft, 

'Stitlman    T    B      Ltgmeenig  (hen  stry    Easton    Pa     (J900)     21 
'JheFn    f  ost  rn  Pciic  t    MiniH  and  SI  ant,hai   (19(10)     Tan 


Hosted  by  Google 


42  cox. 

sulphur  has  very  little  heating  value  and  will  in  time  ruin  the  grate  bars 
and  the  boiler.  The  estimation  of  volatile  combustible  matter  and  of 
fixed  carbon  is  of  great  importance,  for  the  relation  which  exists  between 
these  is  a  means  of  classification'  and  a  criterion  for  judging  the  steaming 
quality  of  a  coal.  Tlie  percentage  of  volatile  combustible  matter  gives 
us  some  idea  of  the  gas-producing  power  of  the  coal  and  from  the  residual 
fixed  carbon  we  are  able  to  know  whether  the  coal  is  coking  or  non-coking. 
It  remains  for  us  to  seek  out  the  best  method  of  estimating  these  factors. 

The  coals  of  the  Philippine  Islands  which  have  thus  far  been  discovered 
are  all  non-coking.  They  belong  to  a  class  which  was  of  less  importance 
when  the  directions  for  coal  analysis  recommendetl  by  the  committee 
appointed  by  the  American  Chemical  Society  *  were  made.  These  direc- 
tions are  in  general  use  throughout  the  United  States  and  as  they  embody 
the  best  factors  of  all  previous  research  upon  the  proximate  analysis  of 
coal,  no  further  discussion  of  the  literature  will  be  entered  into.  However, 
since  the  appearance  of  these  directions  non-coking  coals  have  come  much 
to  the  front  and  an  accurate  and  uniform  method  for  their  analysis  is 
now  necessary.  The  point  where  the  suggestions  of  the  committee  are 
least  applicable  is  in  the  estimation  of  the  volatile  combustible  matter. 

The  method  outlined  by  tbeni  for  this  determination  is  as  follows: 

Place  1  gram  of  fresli,  undried,  powdered  coal  in  a  platinum  crucible  weighing 
20  to  30  grams  and  having  a  tightly  fitting  cover.  Heat  over  the  full  flame 
of  a  Bunsen  burner  for  seven  rainutea.  The  crucible  should  be  supported  on  a 
platinum  triangle  with  the  bottom  6  to  8  centimeters  above  the  top  of  the  burner 
The  flame  should  be  fully  20  centimeters  high  when  burning  free,  and  the  determi- 
nation should  be  made  in  a  place  free  from  drafts,  Tlie  upper  surface  of  the 
cover  should  burn  clear,  but  the  under  surface  should  remain  covered  with  carbon. 
To  ftnd  volatile  combustible  matter  subtract  the  per  cent  of  moisture  from  the 
loss  found  here. 

In  a  recent  paper"  on  "Philippine  Coals  and  their  Gas-Producing 
Power,"  when  discussing  certain  analyses  the  following  paragraph,  which 
shows  that  the  above  directions  give  uncertain  results  in  the  determination 
of  volatile  combustible  matter  in  Philippine  coals,  appeared : 

Tlie  coal  analyses  were  made  according  to  the  directions  recommended  by  the 
committee  appointed  by  the  American  Chemical  Society.  In  the  determination 
of  volatile  combustible  matter,  it  has  been  found  that  in  following  these  very 
inaccurate  results  were  obtained.  The  committee  states  that  the  most  serious 
objection  brought  against  their  method  is  that  the  rapid  heating  causes  mechanical 

'Hilt,  C:  Jahresb.  ueher  die  Fortshritte  d.  Chem.  (1873),  1086.  "It  is  neces- 
sary for  the  present  at  least  tliat  the  classiflcation  of  our  coals  be  made  on  a 
basis  involving  the  relation  of  the  volatile  and  the  fixed  combustible  matter,  since 
we  have  no  data  other  than  proximate  analyses." 

*J.  Am.  Ghem.  Son.  (1899),  21,  1116;  The  Coal  &  Metal  Miner's  Pocket  liook, 
7th  ed.   (1902),  Scranton,  Pa.,  173. 

•Cos,  A.  J.:    This  Journal    (190(1),   1,   890. 
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los'i  in  the  cnse  of  «itain  non  coking  conln  tlint  no  eiiilenw  lias  liwn  given  aa 
to  the  amount  of  suoh  loss  «liile  in  the  liglit  of  rertnin  e\pprniieiital  deterniina 
tiona  which  are  deseiibed  thej  state  that  the  losa  can  oiil>  lia^e  been  iii»ignificant 
It  has  been  ob<<ened  in  tins  laboratorv  that  the  eiror  fiom  tbia  nouree  on  our 
eoals  10  lerv  lai^  possibly  anioiititiiLft  to  a  tew  pti  rent  in  some  ejiscs  It  hna 
also  been  found  tbat  thia  error  coiibl  be  UiiRely  if  not  entirel*  eliminattd 
by  expelling  the  moisture  and  most  of  tbc  \ohitile  inattir  nt  a  low  heat 
before  subjecting  to  the  full  flame  of  the  Bunseii  burner  tor  se*en  niiniitia  tour 
to  fi*e  minutes  gentle  hiating  are  sufficient  to  Jo  this  With  this  e\ciption  the 
official  method  has  been  foMoned  in  detail 

Since  the  above  article  went  to  press,  a  paper"  entitleii  "Some  Bxperi- 
ments  on  the  Determination  of  Volatile  Conibiistiblo  Matter  in  (.toala  and 
Lignites"  has  reached  us,  in  wldch  the  modification  iiswl  by  the  fuel- 
testing  plant  of  the  United  States  Geological  Suirey  in  tJie  analysis  of 
lignitici  and  sub-bituminous  eoals  is  descrilKKl.  It  is  almost  identical  with 
the  one  we  have  used  in  the  analysis  of  the  eoals  ocenrring  in  these  Islands 
nhtn  th(,  official  method  is  iniipplicable  The  modifitation  winch  we  Iiavc 
heretofore  cinplo\(,d  lu  subBtantiallj  as  follows 

The  aani|ile  of  eoal  to  be  analyzed  m  placed  m  a  ilatinum  criiiible  )f  twnity 
or  thirty  eubic  centinietetB  capacity  and  Bubjeeteil  to  ii  Ion  b(at  jnst  enough 
to  expel  tlie  lolatile  coinbUHtible  matter  nt  such  a  rati  that  it  mil  bniti  in 
a  veri  snnll  flame  at  the  edges  of  tlie  crucibiL  liil  The  beat  la  regulated  by  hold 
ing  the  burner  in  the  hand  and  diieoting  it  upon  the  bottom  of  the  crudble  Tlic 
flame  is  slonly  moied  back  and  forth  under  the  crucible  the  heat  is  jn'adually 
incieased  as  the  escaping  gasea  burn  lower  and  lonir  and  finally  the  crucible 
13  heated  for  se\en  minutes  o\er  the  regulation  Bunsen  flaine ' 

This  method  is  obvionRh  an  impro\enunt  m  certain  ta^e'*  ind  was 
uiMid  as  a  pro\ifiionU  or  tentatnt,  one  until  tunc  conld  Ik  found  to 
miestigite  the  s«bjci.t  thorou^hh 

My  data  do  not  agree  with  the  statinient  of  the  (.ommittec  on  Coal 
\nal>sis  that  the  error  due  to  rapid  heating  is  insigniflLant  Ihev  show 
that  there  is  a  very  large  mechanii.al  loss  when  the  official  methoil  is  ap 
plied  to  eertam  Philippine  Coals,  confirming  the  results  of  (xpenmentji  on 
American  non  coking  coals  It  is  not  e^en  neciifiary  to  have  analytical 
data  to  prove  that  there  are  mechanical  losses  from  some  non-coking 
coals  when  the  volatile  matter  is  rapidly  expelled,  as  it  is  by  the  official 
method,  for  it  is  amply  indicated  by  the  shower  of  incandescent  carbon 
particles  which  are  driven  off  during  the  first  one  or  two  minutes  heating. 
It  is  hoped  that  this  paper  will  demonstrate  how  these  losses  can  bo 
avoided. 

Somermeier,'  in  referring  to  the  modified  process  of  the  fuel-tctrting 
plant,  says :  "The  difference  in  results  obtained  by  three,  four  and  five 

' Somermeier,  E.  E.:  /.  Am.  Chem.  Soc.    {190B),  28,   1002. 
'By  the  regulation  Bunaen  flame  I  understand  one  which,  when  nonluminous 
and  unobatruoted,  burns  20  centimeters  high. 
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minntes'  preliminarj'  treatment  is  small  and  in  all  subsequent  experi- 
mental tests  the  time  of  tlie  preliminary  heating  was  four  minutes."  The 
experiments  which  follow  will  show  that  with  some  Philippine  coals  a 
longer  period  of  preliminary  treatment  is  necessary  to  give  very  accurate 
results.  In  the  coals  tested,  the  determinations  of  the  volatile  combustible 
matter  are  given  as  ascertained  by  the  official  method  and  two  others, 
with  are  intended  to  avoid  the  quick  application  of  heat  and  therefore  the 
loss  which  ensues  in  some  Philippine  coals.  The  two  methods  are  the  one 
above  described,  which  I  have  called  our  transition  method,  and  another 
which  consists  in  a  smoking  off  process;  that  is,  one  which  subjects  the 
sample  to  a  low  heat,  which  is  regulated  by  slowly  moving  a  small 
flame  back  and  forth  under  the  crucible,  the  flame  being  just  enough  to 
keep  a  visible  amount  of  smoke  rising  from  the  crucible  but  not  sufficient 
to  cause  the  smoke  to  burn  at  the  edges  of  the  crucible.  It  is  important 
tliat  the  crucible  should  not  be  allowed  to  cool  after  the  operation  has 
been  begun,  as  in  that  case  air  would  be  drawn  in  to  the  coal,  which  would 
cause  the  oxidation  of  a  part  of  the  fixed  carbon.  The  most  delicate 
stage  is  the  one  when  the  hydrocarbons  have  practically  all  been  expelled 
and  only  hydrogen  is  still  being  liberated.  At  this  point  it  is  very 
difficult  to  drive  off  the  gas  slowly  enough  to  prevent  its  ignition,  for  the 
smoke  then  no  longer  serves  as  a  gauge.  If  the  gas  ignites,  it  is  usually 
coming  off  fast  enough  to  carry  with  it  some  of  the  solid  carbon  particles, 
as  will  at  once  be  seen  by  the  sparks ;  however  with  care  and  practice  this 
can  be  controlled.  Since  the  eye  of  the  operator  is  the  only  criterion,  no 
definite  time  is  prescribed  for  this  preliminary  treatment,  but  seven  to 
nine  minutes  are  ordinarily  necessary  for  its  completion;  in  one  extreme 
case  sixteen  minutes  were  required.  However,  it  is  not  a  question  of  an 
extreme  amount  of  time  but  of  putting  the  time  in  the  right  place.  The 
volatile  matter  should  be  smoked  off  as  fast  as  allowable  so  as  not  to 
produce  sparks,  but  not  fast  enough  for  the  gases  to  bum.  When  this 
process  is  completed,  without  disturbing  the  crucible,  the  platinum  triangle 
and  crucible  are  quickly  placed  over  the  regulation  Bunsen  flame  and 
gradually  lowered  imtil  they  are  finally  in  position.  These  conditions 
should  be  maintained  as  nearly  as  practicable. 

There  are  times  when  it  is  very  difficult  to  make  the  gas  of  this  labo- 
ratory conform  to  the  requirements  of  the  regulation  flame.  It  has  been 
the  writer's  practice  to  use  a  shield  to  protect  the  flame  of  the  Bunsen 
burner  from  air  currents,  since  the  condition  of  the  Committee  on  Coal 
Analysis,  that  "the  determination  should  be  made  in  a  place  free  from 
drafts,"  is  not  easily  attained  in  a  laboratory  in  the  Tropics.  That  this  is 
.  of  minor  importance  when  the  regulation  flame  is  carefully  maintained  is 
shown  by  the  following  experiment.  Four  samples  of  thoroughly  mixed, 
non-coking  coal  were  weighed  out  and  carefully  smoked  off.  Nos.  1  and  3 
were  finally  heated  for  seven  minutes  over  the  full  flame  of  a  Bunsen 
burner  in  a  place  free  from  drafts,  while  3  and  4  were  heated  for  the 
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same  length  of  time  over  the  flame  inclosed  in  a  cylindrical  asbestos  shield. 
With  this  exception  the  samples  received  the  same  treatment  in  detail. 
The  resnlta  are  as  follows : 

(1)  (2)  1»)  {*) 

Totnl  volatile  matter,  per  cent         50.27         50.22         50.20         50.21 

A  Aery  satisfactory  shield  is  that  shown  in  the  figure.  It  is  12  centi- 
meters long  and  6  centimeters  in  diameter.  The  iiJiitinnm  triangle  is 
placed  on  top  of  the  shield  so  that  only  about  half  of  the  crucible  is 
surrounded.  The  height  of  the  crucible  from  the  top  of  the  burner  is 
controlled  by  the  cubical  blocks. 


In  all  of  the  following  experiments,  platinum  crucibles  of  20  cubic 
centimeters"  capacity  and  weighing  30  grams  were  used.  The  crucible 
covers  must  fit  perfectly,  but  this  is  always  possible  since  the  edges  of  a 
crucible  can  be  hammered  smooth  and  round  on  a  cone  and  the  lids  can 
be  pressed  into  shape  by  placing  the  top  dowfi  on  a  flat  ground  surface. 
The  coal  was  pulverized  to  pass  a  sixty-mesh  sieve.  Where  determina- 
tions of  the  ash  are  given,  they  were  made  on  the  same  portion  of  the 
coal  as  was  used  for  the  volatile  matter,  consequently  mechanical  losses 
are  indicated  by  variations  in  the  percentage,  for  determinations  of  the 
ash  admit  of  great  accuracy  if  performed  with  due  care. 

The  first  sample,  an  air-dried  coal  from  the  southeastern  end  of  Batan 
Island,  No.  4,  gave  the  following  results : 


By  the  official  tnethod: 
Moisture 

Volatile  corabUBtible  matter 

Fixed  carbon. 

Ash 


15.42  (15.42)      (15.42) 

41.83  43.05         41.73 

39.9.1  37.75 
3.«0  3.78 

100.00  100.00 
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By  the  tranMtion  method: 

Moisture 

(15.42) 

(15.42) 

(15.42) 

Volatile  eombustible  matter 

40.50 

40.26 

40.38 

By  the  smohing-off  process: 

Moisture 

(15.421 

(15.42) 

(15.42) 

Volatile  combuBtible  matter 

30.12 

.■(9.46 

.39.46 

Fixed  carbon 

41.35 

41.00 

41.02 

Ash 

4,11 

4.12 

(4.111 

In  choosing  the  next  sample  with  which  to  experiment,  one  very 
high  in  impurity  was  selected,  so  that  extremely  small  mechanical  losses 
could  be  noted  by  a  variation  in  the  percentage  of  ash.  This,  an  air-dried 
coal  from  Negros,  No.  31,  gave  the  following  results : 


By  the  official  method:  Pe 

Moisture  18.19  18.29 

Volatile  combustible  matter  38.73  30.13 

Fixed  carbon  2(1.57  25.90 

Ash  lfS,5I  10.GS 


(18.24)      (18.24) 


100.00         100.00 


By  the  transition  method: 

Moisture 

(18.24) 

(13.24) 

(18.24) 

Volatile  combustible  nmtti 

■r          .32.56 

32.66 

32.64 

Fixed  carbon 

31.39 

31.39 

Ash 

17.8! 

17.71 

100.00 

100.00 

By  the  smol-ing-off  procrss : 

Moisture 

(18.24) 

(18,24) 

(18,24 

Volatile  combustible  matt. 

CT            32.03 

31.98 

32.02 

Fixed  carbon 

31.77 

31.74 

Tiiere  are  a  great  many  factors  which  influence  the  amount  of  volatile 
matter  driven  off  from  a  sample  of  coal,  namely  the  size  of  the  grains, 
the  weight  of  the  sample,  the  condition  of  the  coal — that  is,  the  quantity 
of  moisture,  etc. — and  the  degree  and  duration  of  the  heat.  Notwith- 
standing these  considerations  it  is  generally  conceded  that  under  uniform 
conditions  the  same  operator  has  little  trouble  with  duplicates  in  ordinary 
al  analy  and  I  wish  to  show  that  in  the  analyses  of  Philippine  coals 
tl  s  t  u  when  the  modification  methods  are  used.  Even  different 
p  ab  w  rking  under  prescribed  conditions  obtain  insignificant  varia- 
t   n     n         Its.     My  records  show  that  on  June  31  of  this  year  this 
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Negros  coal  was  analyzed  by  our  tnnisition  iiiotliod  and  the  routine 
results  obtained  were  as  follows : 

Per  cent. 
Moisture  IH.OS       (18.06) 

Volatile  conibustiWe  raattpr  32,30         32.00 

Fixed  carbon  31.07 


After  making  due  allowance  for  tlie  variation  in  tlio  niolsttirc  i-ontent, 
these  analyses  are  almost  identical  with  those  given  above,  obtained  by  the 
same  method.  Furthermore,  portions  of  this  sample  were  given  to 
Mr.  P.  J.  Fox  (1)  and  Mr.  L.  A.  Salinger  (3)  of  this  Bureau  with 
directions  to  determine  the  volatile  combustible  matter  by  the  official 
method  and  also  by  tlie  smoking-off  proeess. 

A  30  eubic  centimeter  platinum  crucible  was  used  in  making  th^e 
determinations  in  (1),  The  variation  hetwecn  a  crucible  of  20  and  one 
of  30  cubic  centimeters  Iiardly  affect  the  proeess  noticeably,  exeept  where 
a  meclianical  loss  is  involved. 

The  results  are  as  follows: 
By  the  official  method :  " 


As  one  would  anticipate,  when  a  larger  erucible  is  used  tlie  mechanical 

losses  are  not  quite  so  large  as  in  the  foregoing  determinations;  however, 

about  the  same  variations  in  the  percentage  of  volatile  eombustible 

matter  are  observe<l  here  as  in  the  analyses  given  above,  namely,  3  per  cent. 

By  the  smokin<j-off  process:  Per  cent. 


Moistur 

(18.24) 

(18.24) 

(18.24) 

(18.24) 

Volatile 

combustible  matter 

32.16 

32.21 

32.00 

32.00 

Fixed  c 

Ash 

.rbon 

31.45 
18.1S 

Here  thtre  ]s  almost  exact  duplication  of  the  previous  results  obtained 
by  this  method 

Foi  the  third  sample,  Negra  coal  No  23  was  chosen  one  very  high 
m  ash  md  the  one  m  which  the  official  and  smoking  off  mtthode  showed 
the  greatest  discrepancies  m  the  percentage  of  ash 


'The  average  of  mv   own  diiplicateil  water  determinatio 
J,  migle  detti minatiiin  Mr   lot  obtained  18  37  per  eent 


s  liein  used.     In 
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ThD  analyses  are  as  follows : 

By  the  official  method: 

Per 

cent 

Moisture 

15.81 

15,93 

Volatile  combustible  matter 

55.02 

54.0S 

Fixed  carbon 

.  18.00 

lo.Ta 

Ash 

9.67 

10.24 

100.00 

100.00 

By  the  smoking  off  prooess : 

Moisture 

(ir.-R6) 

(15,80) 

Volatile  oombu-stible  matter 

35.48 

35.S6 

Fixed   earbiiii 

34.42 

34.36 

Ash 

14.24 

14.22 

From  the  foregoing  experiments  it  is  possible  to  point  out  the  mechan- 
ical losaea.  We  will  assume  the  ash  obtarnwl  h^  the  snioking-oil  process 
to  l}e  correct,  for  in  these  determination?  no  escaping  particles  of  solid 
carbon  were  at  any  time  visible.  The  averages  of  the  analyses,  studied 
comparatively,  are  as  follows : 


Ash  4.11  3.79 

Fixed  carbon  41.13  3S.35 


From  these  we  get  the  ratios  .t~==1.08  and  ss4l  =  l-07  which  show 


that  the  variations  in  the  percentage  of  ash  and  fixed  carbon  are  ap- 
proximately proportional.  The  ash  content  however  is  too  small  to  be 
an  indicator  of  small  differences. 

Sample  II. 
By  the  smoklng-off      By  the  tran.sltlon  By  the  offltial 


Fixed  carbon  31. 75  31.39  20.24 

The  first  two  columns  give  the  ratios  ^  =  1.01  and  ||-^|=r.l.01 

which  show  that  the  variations  between  the  ash  and  fixed  carbon  in  the  two 

processes  are  exactly  proportional.     The  first  and  last  columns  give  the 

ratios  16^  — 1'08  and  2g^  =  1.21.     Here  the  ratios  are  not  exactly 

proportional. 

Sample  III. 

By  the  smokiiig-otf  By  the  offlf^ial 

Ash  14.23  9.95 

Fixed  carbon  34,39  19.18 
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These  give  the  ratios  *  =  1 .  43  and  -  -  -:  ^^7=  1. 70,  and  show  tlint  Itere 
also  the  variations  in  iha  percentage  of  asli  and  fixed  carbon  are  not 
exactly  proportional. 

In  tlie  determinations  made  by  the  transition  method  the  escape  of 
some  of  the  incandescent  particles  was  noticeable  bnt  it  has  been  thought 
that  this  wv  negligible  Tht  abo^e  Lvperinicnts  show  this  to  be  a 
false  supposition  that  for  \iTA  aciurate  work  nioro  care  must  be  exer- 
cised than  is  outline  1  f  »  that  method  Since  the  variations  between  the 
percentages  of  ash  and  fi\cd  carbon  as  di,termined  by  tlie  smoking-off 
process  and  the  transition  method  arc  e\actly  jiroportional  the  cause 
must  be  solelj  mechanical  lots 

As  previously  stated  the  shower  of  sparks  driven  off  when  the  official 
method  is  used  is  proof  of  a  laig  methauical  loss;  the  analytical  data 
which  corroborate  this  show  that  it  is  st\cra!  per  cent.  The  variations 
in  ash  and  fixed  carbon  as  detLrmined  by  the  smoking-off  process  and  the 
oifieial  method  m  samples  I  II  and  III  are  always  in  tlic  same  direction, 
but  are  not  o\actIy  proportional  and  hence  can  not  he  accounted  for  solely 
by  the  theory  of  mechanical  loss.  Other  factors  prevent  proportional 
variations.  It  has  been  suggested^"  that  this  may  be  partially  due  to  a 
different  breaking  down  of  the  hydrocarbon  compounds  when  expelled 
under  different  conditions  of  heat  treatment,  in  the  presence  of  variable 
amounts  of  moisture,  etc.  This  is  true  in  the  case  of  («king  coals  for  it 
has  often  been  observed  that  both  the  qualitative  and  quantitative  compo- 
sition of  coke  depends  not  only  on  the  nature  of  the  coal  used  but  also  on 
the  conditions  of  the  distillation  that  is,  the  temperature,  pressure  in  the 
retoi-t,  the  time,  the  size  of  the  coal,  etc.  However,  in  lignitios  and  non- 
coking  coals,  where  the  gases  given  off  are  mostly  of  comparatively  very 
simple  composition,  the  variation  between  the  official  and  the  modified 
methods  is  to  a  greater  extent  due  to  mechanical  loss. 

CompariBonB  of  a  number  of  samples  will  show  more  clearly  jiiat  how 
much  difference  really  exists  in  the  breaking  down  of  the  hydrocarbon 
compounds  of  the  coal.  The  difference  shown  in  the  breaking  down 
between  the  transition  method  and  the  official  one  is  the  same  as  between 
the  smoking-ofE  process  and  the  official  method,  since  the  variations 
in  the  percentage  of  fixed  carbon  and  of  ash  as  determined  by  the  transi- 
tion method  and  the  smoking-off  method  are  exactly  proportional.  The 
transition  method  is  an  improvement  over  the  oiRcial  one  in  certain 
cases  but  as  there  still  are  mechanical  losses  by  its  use,  it  is  set  aside 
as  less  satisfactory  than  the  smoking-off  j 


'°  Somermeier  E.  E. :  Loc,  < 
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Leaving  out  of  consideration  tlioso  coals  in  which  there  is  a  iliseordance 
in  the  percentage  of  ash  as  detenu  in ed  hy  the  two  methods,  we  can  draw 
some  eoneJiisions  from  the  analyses. 

By  a  selection  there  are  fonrteen  samples  which  show  no  or  only  very 
slight  mechanical  losses  when  analyzed  by  the  official  method.  In  these 
the  deviation  in  the  percentage  of  volatile  combustible  matter  and  there- 
for of  fi  el  a  bo  is  due  entirely  to  the  difference  in  the  breaking  down 
of  tie  olatle  n  tituents  of  the  coal.  When  arranged  in  the  order  of 
tl  e  d  a  ng  ■ition  of  the  percentage  of  fixed  carbon  as  determined 
bi  th  fti  a!  thod  and  the  sinoking-off  process  they  fall  into  two 
g  0  p   as  foHo 


Number  and  Kroup. 

„,„.,„„, 

niflcr- 
perc  lit 

1  I 

p  1111 

I  4b 

8 

Zunbm  g 
B  ta    iBl     1 

<,  b 

AiBtral 

(.      pH 

Raw    11      i 

.•; 

Philppi   P. 

The  diffeience  m  tin,  amount  of  fixed  carbon  depends  both  on  the 
amount  of  the  volatile  ingredients  m  the  coal  and  on  the  nature  of  these 
volatile  compound  The  first  factor  ib  approximately  the  same  m  Phil- 
ippine coals,  and  thtrefore  the  cau=(e  of  the  variation  i  tD  be  ought  in 
the  nature  of  the  loiatile  compound  We  well  knoH  that  \olatilG  in- 
gredients of  imilar  compo  ition  may  diff.i  to  a  considerable  extent  in 
volatility  and  afford  entirely  different  products  on  destructive  distillation 
and  tiiat  it  is  impossible  chemically  to  formulate  this  change;  never- 
theless, judging  from  the  analyses  of  some  of  the  gases  we  should  espect 
the  difference  in  the  breaking  down  of  the  volatile  ingredients  under 
*the  different  heat  treatments  of  the  two  methods  to  be  about  as  it  is. 
The  more  complex  the  volatile  matter,  the  greater  the  disparity  U}  he 

end   of   the   island.     It   is   a   well- 
a  much  poorer  grade  than  those 


"  This  wa3  taken  from  th?  southeaoten 
known  fact  that  the  coal^  from  this  region  a 
from  the  western  end  where  tlie  military  rei 


nation  claims  a 
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cox. 


looked  for  in  tlie  result.-  of  analyses  by  tVie  official  and  the  smoking-off 
methods. 

The  official  mctliod  of  analysis  is  applicable  to  almost  all  of  the  coals 
of  the  class  of  Group  J.  They  give  a  volume  of  dense  smoke  when  sub- 
jected to  the  influence  of  heat.  The  gas  produced  by  destructive  distilla- 
tion from  three  of  the  coals  of  Group  I  lias  been  analyzed  as  follows: 

Table  i. 
[The  figures  give  peiceiilageB.] 


„. 

-„.,»,„.,. 

Cnrbon 
dioxide 
(COs), 

Heavy 
hydf£ 

"i^r 

(CO). 

(CH,). 

Hydro- 

s 

\ 

'11 

62 
8.1 
6.34 

O.W. 

•:« 

fil 

36.4 

1.65 

The  official  method  of  analjais  js  onlj  rarely  applicable  to  the  coals 
of  the  ciass  of  Group  II.  E^cn  the  icsult  given  for  the  Batan  Island 
sample  which  heads  the  column  j«  too  large,  owing  to  mechanical  loss 
of  fixed  carbon  and  ash  in  the  ettiniation  of  the  volatile  matter  by  the 
official  method.  Practically  all  of  the  coals  m  Table  2  not  included  in 
Group  I  would  be  incorporated  in  Group  II  except  for  the  large  mechan- 
ical losses.  In  the  extreme  case  of  Negros  No.  23  these  amount  to  10 
or  13  per  cent.  The  volatile  matter  which  is  expelled  by  the  quick  ap- 
plication of  heat  is  in  general  of  a  light  color  and  in  certain  cases  colorless. 
The  gas  produced  by  destructive  distillation  from  two  coals  of  Group  II 
lias  been  analyzed  as  follows : 


carbon    "^I^ 


Tables  4  and  5  show  that  the  heavy  hydrocarbon  eont«iit  of  the  gases 
produced  from  tlie  coals  of  Group  I  is  about  three  times  as  large  as  that 
from  the  coals  of  Group  II;  Table  S  shows  that  the  difference  in  the 
results  for  fixed  carbon  obtained  by  the  official  and  the  smoking-off 
methods  in  the  analyses  of  the  coats  is  much  greater  in  Group  I  than  in 
Group  II;  hence  it  is  evident  that  this  difference  varies  with  the  com- 
plexity of  the  volatile  constituents  of  the  coal — that  is,  that  the  varia- 
tion is  due  largely  to  the  difference  in  the  breaking  down  of  the  volatile 
ingredients.     The  data  given  in  Table  S  indicate  that  the  difference  in 
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the  results  obtained  by  tlie  two  inethoils  on  I'lials  of  the  Negros  and  Ocbu 
type"  {Group  II)  for  fixed  carbon  average  alxiut  one  and  a  half  per 
cent;  as  a  matter  of  fact  however,  the  numbers  given  are  undoubtedly 
larger  than  the  average  would  be  were  it  possible  to  eliminate  the  factor 
of  mechanical  loss  and  obtain  a  larger  and  more  representative  number 
of  coals. 

Table  2  and  the  tables  of  analyses  of  Philippine  coals  which  have 
already  been  published"  show  that  tlie  content  of  water  varies  from 
5  to  20  per  cent.  In  u  number  of  cases  this  does  not  represent  water 
of  constitution  only,  but  since  the  samples  are  direct  from  the  mine  it 
includes  a  considerable  percentage  of  loosely  licld  water.  This  latter 
is  a  varying  factor  and  within  wide  limits  is  not  definite  for  any  partic- 
ular coal.  Attention  has  already  been  called  to  the  absurdity  of  trying 
to  classify  coal  according  to  its  water  content."  It  might  perhaps  be 
said  that  the  more  lignitic  the  character  of  the  coal,  the  greater  the  pos- 
sibility of  its  including  a  large  percentage  of  water,  but  in  general  the 
percentage  varies  with  the  exposure  of  the  coal,  the  season  of  the  year, 
and  the  state  of  the  weather.  It,  then,  is  very  important  to  know  what 
influence,  if  any,  the  presence  of  water  has  upon  the  ac(;iirate  estlnnition 
of  the  volatile  combustile  matter.  I'o  ascertain  this  the  following  scries 
of  determinations  were  made  by  the  smoking-oft  process,  willi  the  three 
samples.  To  the  weighed  samples  of  Batan  Island  coal  and  of  tlie 
Negros  coals  definite  amounts  of  water  wore  added  and  thoroughly  mixed 
in  with  a  fine  plantiniim  wire.     The  results  arc  as  follows: 


TuIkJ  vols 

mem««. 

p.roe„. 

■"^T 

Batan  Islanfl  coal 

.^<™,«o... 

Ncgroa 

'■ 

2, 

'- 

2. 

0  15 

6485 
MSB 

.*5MS 

50  22 
50  22 

lOl- 

■SIM 

'^Thp  striking  Bimtlanty  in  both  the  physical  and  the  chemiciil  hf^liavKr  of 
coala  from  Npgros  and  Cebu  has  been  conBtantlj  m  evidence  throughout  tins  inve* 
tigation.  Mr.  V.  D  Smith  informs  me  tliat  all  the  gcDlogy  indicates  that  these 
two  islands  are  anticlines  and  that  the  separating  Strait  of  Tafion  occupies  the 
syneline. 

"  Cox,  A.  J     LoL   cit   880-884 

"Idem:  Loc  ctf     SS'i 

"A  30  cubic  eentimeter  crucibli  «ia  used  in  niiikiiig  these  rleterniinationi  and 
the  results  an  slightly  higln  r  (iwing  to  the  largtr  surfaie  on  which  carbon  was 
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still  another  sample  of  Negros  coal  No.  21  was  dried  at  107°  for  one 
hour  and  the  total  volatile  matter  determined  to  he  50.32  per  cent. 

These  results  show  that  owing  to  the  very  gradual  repulsion  of  the 
moisture  by  the  smoking-off  process,  the  presence  of  water  in  these  coals 
has  no  influence  on  the  percentage  of  volatile  combustible  matter.  The 
only  effect  noticed  was  that  the  presence  of  the  water  very  much  reduced 
the  tendency  of  the  fine  particles  to  fly  off  in  sparks.  The  loss  by  the 
official  method  was  eliminated  in  some  cases  when  a  small  amount  of 
water  was  mixed  with  the  coal. 

The  analyses  by  the  official  method  of  Negros  coal  No.  31,  given  on 
page  46,  show  an  average  of  the  total  volatile  matter  of  57.68  per  cent, 
and  at  the  same  time  a  great  discordance  due  to  mechanical  loss,  as  is 
indicated  by  the  low  percentage  of  ash.  When  water  in  the  amounts 
given  in  the  following  table  is  added  and  thoroughly  mixed  with  a  plati- 
num wire  or  spatula  the  results  are  as  shown  below.  It  was  thought  that 
there  might  be  a  difference  in  the  results  if  a  spatula  were  used  instead 
of  a  wire,  owing  to  the  fact  that  with  the  former  the  water  could  be 
more  perfectly  introduced  into  the  interstices  of  the  coal. 
Table  7. 
Tl'/ien  Ike  mining  tvaa  ilonf  mth  a  n-ire. 


Wlien  Hie  mixing  i 

■(IS  done  with  a  ^atula. 

added 

Totftl  TOlfttUe 
cent. 

*s.r 

A„^.. 

Sets.  I 

ScT,.t. 

matter. 

Ash,  per 

0.3 

'llAi 

m:^ 

17.78 

* 
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Grama 

SKS 

Total 
voliitlle 

pcr..enl 

Ash, 

Average, 

pec  oimt. 

prreeiit. 

0.1 

71.73 
70.00 
M.1S 

mzj 

TO.SU 
M.13 

f^ 

The  tauic  of  iiriition  in  these  avtragts  when  the  imount  of  water  is 
changed  can  be  resolved  into  two  opposing  factors  First  the  water 
serves  to  dampen  and  hold  together  the  <tohd  particles  tliercl )  pre\entmg 
mechanical  losi  The  perctntagt  of  a'th  after  the  first  aliition  of  water 
increases  until  with  the  addition  of  about  20  per  tent  the  value  is 
\erj  close  to  that  obtained  b}  the  Mniolinffoff  proctas  Secondly  the 
water  exerts  an  influenct  on  the  dctoiii position  of  the  coak  tonilinfr 
t«  increase  the  percentage  of  volatile  matter  laiilft  (  and  7  show  that 
as  water  is  added  the  apparent  total  amount  of  volatile  matter  rapidh 
diminishes  until  mechanical  losses  as  shown  bj  the  fact  that  the  percent 
age  of  ash  agrees  with  that  obta  ned  b}  the  smoking  off  prouesi  are 
overcome  On  the  further  additnn  of  water  the  percentage  of  volatile 
nutter  does  not  remain  constant  a^  would  be  tlic  ease  if  the  dampening 
effect  were  the  onlj  factoi  but  it  increases  while  the  percentage  of  aih 
does  net  change  In  the  bej,mning  and  until  about  iO  per  cent  of  water 
hae  heen  added,  the  first  factor  predominates,  after  this  the  second  la 
made  evident.  In  order  further  to  show  the  extent  of  the  action  of  water, 
experiments  were  made  with  two  coals  as  follows : 

Table  9. — Anttlysr«  of  rook. 


.. 

-„...,„.„,. 

o„.,-«,. 

Smoking 
method. 

Total 
percent. 

Kied 

'Sir 

Ash, per 
cent. 

" 

Polillo 

48. 5i 

M.9i 

5.99 

»:" 
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The  duplication  in  the  percentages  of  ash  by  the  two  metliods  shows 
tliat  thp  offit-ial  method  of  analysis  is  accurate  when  used  here.  The 
effect  of  water  in  varying  amounts  on  the  decomposition  of  the  coal 
when  this  method  is  used  is  shown  hy  the  following  nunihers: 

TAH1.B  iO.—PiililUj  Mid,  No.  S4. 


»" 

Ash,  per 

A,.„g.. 

pet  cont. 

™mI 

„.,,e. 

'•'"»•• 

... 

« 

M 

5.99 

.,.» 

..9. 

0.1 

S 

" 

.l.(K) 

4s.m 

S.S5 

0.2 

;« 

■1 

so.  20 

" 

» 

" 

S... 

'"' 

»■'• 

Table  ll.—.UislTalni  emit,  X<i.  1  {ciiMiig). 


0.1 

40.24 
41.60 

itn 

40,24 
41.60 

J2.38 

1..38 

...» 

rJ.83 

These  samples  represent  widely  different  kinds  of  coal,  hut  the  results 
show  that  loosely  held  water  in  the  coals  increases  the  value  of  the 
volatile  combustible  matt«r  by  about  one  and  a  half  per  cent.  Nearly 
all  of  this  increase  results  from  the  addition  of  the  first  5  per  cent  of 
water. 

The  results  shown  in  Tables  6,  7,  S,  9,  10,  and  Jl  give  the  following 
figure  when  expressed  as  curves : 
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It  will  bo  notKei)  in  the  ibove  (unts  tlat  the  differences  a  and  b 
represent  the  ii  m  of  luo  factors  the  change  m  re  ults  lue  to  the 
different  heat  treatment  and  the  deviation  due  tc  thu  presence  of  loosclj 
held  wa.ter  c  and  d  represent  only  one  fictor  the  deviation  due  to  the 
pre-fence  of  water  The  alteration  of  a  «  nglc  cond  tion  n  the  method 
used  m  the  analysis  of  coals  to  wliich  the  official  method  s  a^  plieable 
as  repre«entel  by  t  a,nl  d  producns  more  ^ariaton  than  the  romh  ned 
change'*  m  tl  e  metl  )d  of  the  anahsi'i  of  coalt  which  gne  lirge  mechanaal 
losses  hi  the  ofRc  al  method  I  ha*e  already  shown  that  the  effect  of 
water  when  the  official  method  is  used  is  tc  ini.rease  considerably  the 
percenta^  of  volatile  ombustible  matter  m  V  grot  coals  hence  it  must 
he  concluded  th^t  the  factor  rej  resented  b^  a  or  J  minus  this  increase — 
that  IS  the  hange  in  results  due  to  the  difference  in  the  breaking  down 
f  the  hydrocarbonf.  of  the  coal  under  the  variefl  he  it  treatments  of  the 
official  and  the  smoking  off  methids — is  reasmabh  sraill 

On  the  other  hind  direct  data  have  been  givtn  t  show  that  there 
IS  a  ]  Dsitnc  bff  rent  M^  results  g  ve  liscrepancies  between  the  flxet 
car!  on  and  ash  as  determined  by  the  two  methods  which  are  not  lirectly 
jroportional  and  therefore  are  iiDt  due  wl  dUv  to  mechanical  losses 
Fortunately  this  lifference  d  u  to  the  lar  ed  heat  treatments  of  the  two 
methols  is  smallest  in  the  a  e  of  coals  which  can  onh  be  maccuratelv 
analyzed  by  the  official  mtthod  t  la  also  n  these  coals  where  large 
variatjcns  m  the  percentage  of  moistire  are  ajt  to  tike  place  Moisture 
has  no  influence  on  the  fuel  ratio  calculate  1  fron  results  obtained  bv 
the  smoking  off  method  while  large  \ar  at  cna  1 1  the  ofRc  al  method  m 
case  it  were  applicable — that  s  harr  ng  m(  ham  al  losses— would  be 
anticipated  Therefore  the  variation  produced  by  the  altered  breaking 
down  of  the  coil  by  the  different  heat  treatments  in  the  two  methods 
jt  probablv  not  greiter  and  perhaps  even  less  than  that  which  would  be 
po=«ib]e  \(ith  the  official  methrd  al>ne;"  while  with  the  smoking-off 
methtd  the  mechanical  losses  aie  overcome. 

In  describing  the  coke  ovens  of  the  Colorado  Fuel  and  Iron  Company 
at  begunda  Colorado  Mr  Hosea  says  '*  "The  larry  ears  hold  5J  to  6 
tons  (i  disintegrated  stashed  coal  and  each  weighs  12  tons  loaded.  This 
IS  the  customary  charge  for  ovens  of  this  pattern,  and  the  charge  is 
coked  in  forty-eight  hours,  producing  from  3^  to  3J  tons  of  coke,  or  a 
yield  of  from  60  to  65  per  cent."  It  is  evident  from  the  above  that  the 
coal  in  the  furnace  is  more  slowly  heated  than  it  is  by  the  official  method, 
although  the  latter  is  intended  to  approach  the  actual  conditions  in 

"  The  TesultB  of  Table  10  show  that  the  greatest  change  in  the  percentage  of 
fixed  carlxin  is  produced  by  a  variation  of  the  loosely  held  water  by  not  more 
than  5  per  cent.  Unless  care  is  exercised  such  variation  may  occur  while  the 
sample  is  being  taken  and  during  its  transportation  to  the  laboratory.  Of.  Soni- 
ermeier,  B.  B. :  J.  Am.,  Chem,  8oc.   (1906),  28,  1630. 

"Hosea,  E.  M.;  Mines  and  Minerals  Denver,  Colorado  (1904),  25,  8. 
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a  coke  oven.  Probably,  bj'  the  smoking-ofE  method  tliis  ia  more  nearly 
attained,  since  seldom  more  than  seven  to  nine  miniibs  are  required 
to  expel  the  volatile  matter.  The  cnrves  demonstrate  clearly  that  the 
smoking-off  method  is  more  reliable  for  general  nse  than  the  official 
method.  Varying  quantities  of  water  have  no  effect  with  the  former 
while  the  curves  obtained  by  the  latter  under  similar  conditions  are  more 
or  less  variable;  therefore,  1  heartily  recommt'ud  the  smoking-off  method 
for  general  adoption. 

In  order  to  ascertain  how  much  of  the  entire  "seven  minutes  over 
the  full  heat  of  a  Bimsen  burner"  is  necessary  in  the  analysis  of  coal 
by  the  official  method,  the  following  experiment  was  made  on  Australian 
coal  No.  1.  About  one  and  a  third  minutes  were  required  to  expel  the 
gases  which  came  off  at  a  rate  fast  enough  to  bum.  The  results  indicat- 
ing the  influence  on  the  percentage  of  total  volatile  matter  when  the 
crucible  and  sample  were  subjeetcil  to  the  regidation  flame  for  varying 
lengths  of  time  are  noted  below. 


Furthermore,  to  determine  with  the  smoking-off  process,  whether  or 
not  the  subjection  to  the  full  heat  of  the  Bunsen  burner  for  seven  minutes 
is  necessary  or  to  what  extent  essential,  a  number  of  experiments  were 
made  on  Negros  coal  No.  91.  The  samples  were  carefully  smoked  off  and 
then  heated  over  the  regulation  flame  for  varying  lengths  of  time  as 
noted  below,  with  the  following  results: 


in  minatte. 

percent. 

48.63 

4Q.46 

50.27 

-«o„.t.. 

'■  50.2"4 

It  has  already  been  shown '"  that  heating  until  all  gases  apparently 
cease  issuing  from  the  crucible  is  not  sufficient.  In  the  experiments  with 
finely  powdered  coal  such  a  sufficiency  was  most  nearly  attained.  My 
results  show  that  by  either  method  the  gases  are  all  expelled  after  four 
minutes  of  heating,  also  that  there  is  no  loss  on  further  heating.  In  the 
analyses  of  these  particular  coals  considerable  latitude  might  be  allowed. 

"  The  average  of  four  reaufta,  the  greatest  variation  of  wliieli  is  0.06  pet  cent. 
"Wright,  L.  T.:  J.  Soc.  Chem.  Ind.  (1885),  4,  657. 


Hosted  byVjOOQiC 


64  cox. 

A  qualitative  esperiment  will  show  in  a  few  minutes  whether  or  not 
a  coal  suffers  mechanical  loss  by  the  official  method.  It  has  been  demon- 
strated that  the  latter  is  thoroughly  applicable  in  the  analysis  of  some 
of  the  Philippine  coals — that  is,  to  bituminous  coals  which  sinter  together 
and  to  non-coking  coals  where  there  is  no  mechanical  loss — while  it  is  not 
at  all  tenable  and  is  just  as  thoroughly  inapplicable  in  the  analysis  of 
certain  other  native  coals.  Therefore,  the  problem  of  establishing  an 
entirely  satisfactory  method  is  not  nearly  so  simple  as  it  was  at  first 
thought  to  be.  Any  method  where  a  correction  is  involved  is  not  satis- 
factory, but  it  would  necessarily  have  to  be  used  if  an  attempt  were  made 
to  formulate  a  method  applicable  alike  to  all  the  coals  of  the  Archipelago. 

For  the  present,  in  order  to  facilitate  direct  comparison  with  coals 
from  other  sources  we  shall  continue  to  use  the  official  method  in  this 
laboratory  wherever  it  is  applicable,  but  in  those  cases  where  it  entails 
large  losses  we  shall  employ  the  smoking-off  process,  followed  by  seven 
minutes  over  the  full  flame.  The  experiments  show  that  less  than  seven 
minutes  would  suffice,  but  since  no  loss  is  entailed  by  the  seven-minute 
treatment  it  is  well  to  maintain  uniformity.  The  means  of  estimating 
moisture,  fixed  carbon  and  ash  as  outlined  by  the  committee  are  satis- 
factory in  these  non-coking  coals,  provided  the  volatile  matter  is  carefully 
smoked  off  from  that  portion  on  which  the  ash  is  determined.  The 
recommendations  for  the  determination  of  ash  are  to  "bum  the  portion 
of  powdered  coal  used  for  the  determination  of  moisture,  tOl  free  from 
carbon.  If  properly  treated,  this  sample  can  be  burned  much  more 
quickly  than  tlie  dense  carbon  left  from  the  determination  of  volatile 
matter."  In  the  case  of  non-coking  coals  there  seems  to  be  no  difference 
in  the  time  required,  whether  the  sample  used  for  the  determination  of 
moisture  or  that  left  from  the  determination  of  volatile  matter  is  em- 
ployed. In  fact  there  is  this  to  he  said  in  favor  of  the  latter  that  it 
is  all  ready  to  burn;  if  the  former  is  used  it  must  first  be  carefully 
smoked  off  with  the  crucible  lid  on  tight  to  prevent  mechanical  loss 
of  ash. 

If  the  smoking-off  method  is  used  only  when  the  official  method  shows 
mechanical  loss,  it  will  suffice  for  commercial  work  to  neglect  the 
difference  in  the  breaking  down  of  the  hydrocarbons  of  tlie  coals  by  dif- 
ferent heat  treatment,  as  is  indicated  by  the  data  from  Negros  coals 
H'os.  31  and  33,  and  to  consider  the  results  obtained  by  the  smoking-off 
process  directly  comparable  with  the  analyses  of  coking  coals  analyzed 
according  to.the  directions  of  the  Committee  on  Coal  Analysis,  If  coals, 
the  volatile  matter  of  which  is  high  in  heavy  hydrocarbon  compounds, 
are  analyzed  by  the  smoking-off  method  then  the  factor  of  the  difference 
in  the  breaking  down  of  these  compounds  is  of  sufficient  magnitude  to 
demand  consideration. 
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SUMMARY. 

(1)  The  directions  for  coal  analyses  recommended  by  the  eommittee 
appointed  by  the  American  Chemical  Society  are  inapplicable  to  certain 
Philippine  coals. 

(S)  Those  coals  are  easily  detected  by  the  shower  of  incandescent 
carbon  particles  which  are  driven  off  when  the  sample  is  subjected  to 
rapid  heating. 

(3)  This  mechanical  loss  can  bo  overcome  by  expelling  the  volatile 
matter  with  sufficient  slowness  so  that  the  escaping  gases  do  not  ignite. 
This  is  demonstrated  by  the  fact  that  when  the  fixed  carbon  is  burned 
to  ash,  the  percentage  of  the  latter  is  much  higher  than  that  obtained 
by  the  official  method. 

(4)  An  increase  in  the  amount  of  moisture  in  a  coal  increases  the 
percentage  of  volatile  combustile  matter  when  the  official  method  is 
used.  When  the  smoking-off  method  is  applied— that  is,  when  the  gases 
are  expelled  very  slowly — a  variation  in  the  amount  of  water  produces 
no  change. 

(5)  A  comparison  of  the  official  and  the  smoking-off  methods  shows 
a  difference  in  the  breaking  down  of  the  volatile  ingredients  of  a  coal. 
This  discrepancy  is  least  in  those  coals  where  there  is  mechanical  loss 
by  the  former  method.  It  varies  with  the  complexity  of  the  volatile 
constituents  and  is  probably  due  to  the  variation  in  the  heavy  hydrocarbon 
content,  for  those  coals  to  which  the  official  method  is  inapplicable  arc 
deficient  in  illuminants. 

(6)  If  the  smoking-off  method  is  employed  only  when  the  official 
method  gives  inaccurate  results,  the  difference  in  the  breaking  down  of 
the  volatile  constituents  is  less  than  that  produced  by  a  variation  in  the 
amount  of  water  in  a  coal  analyzed  by  the  official  method.  Under  these 
conditions  it  will  suffice  for  commercial  purposes  to  neglect  the  variation 
in  the  breaking  down  of  the  volatile  ingredients  by  the  different  heat 
treatments  and  to  consider  the  results  as  directly  comparable  to  those 
obtained  by  the  official  method. 

C?)  The  official  method  is  assumed  to  approach  the  conditions  exist- 
ing in  a  coke  oven.  In  actual  practice  the  coal  is  charged  in  large  bulk 
and  the  distillation  necessarily  begins  slowly.  In  the  smoking-ofE  method 
furnace  conditions  are  more  nearly  attained. 

51214 — -5 
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THE  ACTION  OF  SODIUM  ON  ACETONE. 


By  Raymond  Fuss  Bacon  and  Paui,  C,  Fbbeb, 
From,  the  Chemical  Laboratory,  Bureau  of  Soienoe.) 


A  number  of  years  ago  one  of  us^  described  the  actioji  of  soilium  on 
acetone,  showing  that  in  the  presence  of  absolute  ether  a  white  Bodium 
derivative  is  obtained  which  has  30.17  per  cent  of  sodium  (calculated 
for  sodium  acetone  SS.TS  per  cent)  and  whieli,  on  being  added  to  dilute 
hydrochloric  acid,  regenerates  acetone.  Subsequently,^  in  a  second  discus- 
sion of  the  subject  it  was  demonstrated  that  hydrogen  is  evolved  wlicn 
sodium  acts  on  acetone,  and  the  resulting  sodium  derivative  is  again 
described  as  being  white,  but  turning  red  rapidly  on  exposure  to  air  and 
moisture.  It  was  also  shown  that  when  this  sodium  derivative  is  added 
to  dilute  hydrochloric  acid  and  repeatedly  extracted  with  ether,  no  con- 
densation products  of  acetone  (or  at  least  only  traces)  could  be  isolated. 
The  sodium  derivative  therefore  does  not  contain  these  condensation  prod- 
utcs  to  any  great  extent.  The  mother  liquors  from  a  number  of  opera- 
tions in  the  preparation  of  sodium-acetone  were  carefully  retained,  united, 
washed  with  water,  extracted  with  ether,  and  the  residue  distilled,  a  very 
small  quantity  of  mesitjioxide  and  some  higher  condensation  products 
of  acetone  being  isolated.  Again,  in  another  discussion  of  the  subject,' 
by  acting  on  sodium  under  xylene,  with  acetone,  63.7  per  cent  of  the  theo- 
retical amount  of  hydrogen  was  obtained  (this  observation  was  subsequently 
confirmed  by  Beckmann  and  Schliebs*),  and  in  the  same  paper,  in  discus- 
sing the  preparation  and  analysis  of  the  sodium  derivative  of  acetone, 
it  was  shown  that  delay  during  the  preparation  of  this  derivative  always 
resulted  in  increasing  the  percentage  of  sodium.  A  large  number  of 
samples  of  acetone- sodium  were  prepared,  decomposed  by  dilute,  ice-cold 
acetic  acid  and  united  until  a  sufficient  amount  had  been  collected  to  study 
the  reaction  products;  acetone  (isolated  as  the  sodium-bisulphite  com- 
pound), isopropyl  and  ethyl  alcohols  were  indentified  among  these;  under 
favorable  circumstances  as  much  as  twice  the  quantity  of  acetone,  as 

Mm.  Chem..Joum.   (1890),  12,  355. 

=  Ibid.   (1891),  13,  320. 

•Ibid.  (1893),  15,  585.     Ann.  Chom.   [Liabig),  278,  110, 

*A»».  Chem.  {Liehig)    (1990),  289,  86. 
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compared  with  isopropyl  alcohol  wa«  isolate  1  The  high  boiling  frac 
tions  from  the  separation  of  the  above  sulitinces  gave  pinakone  a  small 
quantity  of  phoron  and  presumably  reduction  products  of  the  latter 
Mestlyloxuie  could  not  b  itolited  \.  port  on  af  the  reaction  product 
of  sodium  on  a(,etone  was  fund  to  be  soluble  in  ethei  this  on  careful 
e\aporat  on  gaie  a  jellow  pDW  ler "  ^hich  oxidized  in  the  air  with  remark 
able  readiness  This  resilue  on  acidifying  separates  some  oil  which 
was  isolated  and  the  presence  of  a  etone  was  afterwarls  proven  m  the 
solution  The  high  bo  ling  portion  of  the  residue  wis  phoron  These 
high  boding  oils  react  raptJly  titlk  •phenyl  hydrazine  No  i«opropyl 
alcohol  and  tut  \ery  httle  pmakone  can  te  f  und  among  the  products 
of  decomposition  of  this  soluble  portion  ol  ta  ned  by  the  a  tion  of  sodium 
on  acetone  but  hy  far  the  greater  part  of  the  condensation  pro3ucts 
produced  1  y  the  action  of  sodium  on  acetone  are  found  in  th  s  residue 
In  proportion  as  such  condenbation  products  are  prolucel  the  p  rcent 
age  of  sodium  m  sc  1  um  icctone  will  be  increased 

In  a  recent  numler  of  the  Journal  it  the  Chemical  Sj  lety  °  Millicent 
Taj  lor  has  returned  to  the  subject  and  comes  to  the  remarkable  conclu 
Bion  that  acetone  s  diuni  ccn^ists  chiefly  of  caustic  soda  mixed  with  a 
small  propirtion  of  the  sodium  derivatives  of  alcoholic  reduction  and 
condensation  products  of  acetone 

Apart  from  the  fact  that  m  her  discussion  Miis  Taylor  completely 
Ignored  the  careful  description  g  ven  hi  one  of  us  of  all  of  the  products 
obtained  bv  tie  action  of  solum  on  acetone  the  statement  which  she 
makes  tl  at  so  eallel  sodium  icet  ne  contains  0  4  per  cent  jf  «o3iuin 
would  m  itself  be  sufiicient  to  cause  some  doubt  as  to  the  accuracy  of 
her  results  In  our  opinion  the  fact  that  the  pr  duct  of  the  action  of 
sodium  on  acetone  when  all  acetone  an!  solvent  have  been  removed  on 
acidifjmg  regenerates  acetone  tn  large  amount  m  conclusive  enough 
evidence  of  the  existence  of  sodium  acetone  and  this  fact  was  repeatedly 
emphasized  in  the  hrst  senes  of  papers  on  this  sutject  but  ignored  by 
Miss  Taylor  m  her  discussim  Nevertheless  we  have  leemed  it  neces 
sary  to  repeat  the  work  and  here  it  may  be  said  that  at  no  time  even 
with  the  absence  of  all  of  the  usual  precautions  were  we  able  to  encounter 
as  much  as  50  per  cent  of  sodium  in  the  derivative  of  the  action  of 
sodium  on  acetone,  m  ether  we  obtained  29.3  to  30.9  per  cent  of  sodium 
and  the  highest  determination  (in  petroleum  ether)  gave  us  35.6  per  cent, 
these  results  being  in  accord  with  those  previously  obtained  by  one  of  ue. 
In  carefully  reading  Miss  Taylor's  paper  it  becomes  evident  that  she 
always  had  a  red  substance  present  after  the  action  of  sodium  on  acetone, 
both  in  her  experiments  on  the  determination  of  the  amount  of  sodium 

'Our  work  shows  that,  under  proper  conditions,  this  residue  is  white. 
■Joum.  Ohem.  Soo.  (1906),  89,  1258. 
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in  the  insoluble  precipitate  and  in  the  soluble  portion.  It  has  in  the 
past  been  expressly  stated  that  sodium-acetone,  when  prepared  with  all 
precautions,  is  white  and  that  reddening  is  due  to  decomposition  in  the 
air  or  by  reason  if  moisture, 

EXPERIMENTAL. 

Sodium  acetone  is  a  very  delicate  substance.  When  properly  prepared 
and  when  air  and  moisture  are  rigidly  excluded  it  is  a  snow-white,  floc- 
culent  solid.  On  exposure  to  the  air  and  to  moisture  it  becomes  pink, 
then  red  and  brown,  an  oil  at  the  same  time  separating,  tlie  color  changes 
representing  the  formation  of  sodium  hydroxide  and  condensation  prod- 
ucts of  acetone.  Of  course,  as  had  previously  been  shown,  aodiuhi 
acetone  also  contains  sodium  isopropylalcoholate,  and  some  sodium  pina- 
konate  and,  in  the  reactions  performed  under  ether,  some  sodium  ethylate. 
All  ether  which  we  used  in  these  experiments  was  repeatedly  dried  and 
distilled  from  sodium  wire  until  this  wire  would  remain  perfectly  bright 
under  the  solvent.  The  acetone  was  from  the  bisulphite  compound  and 
was  dried  four  times  over  phosphorus  pentoside,  each  time  being  poured 
ofE  and  distilled.  Dry  hydrogen  was  run  through  the  acetone  for  some 
hours  to  remove  any  air  or  carbon  dioxide  and  it  was  then  kept  over  fused 
sodium  sulphate  and  protected  from  moisture  and  carbon  dioxide  by  tubes 
containing  phosphorus  pentoxide  and  soda  lime. 

Experiment  J.— The  apparatus  used  was  that  described  by  Freer.^ 
About  1.6  grams  of  sodium,  cut  under  coal  oil  and  then  washed  with 
absolute  ether,  were  quickly  squeezed  as  a  very  fine  wire  into  about  50 
cubic  centimeters  of  absolute  ether  in  the  reaction  flask,  and  the  apparatus 
quickly  closed.  Dry  and  pure  hydrogen  was  now  run  through  the  ap- 
paratus for  three  hours.  The  reaction  flask  was  then  surrounded  by  ice 
and  10  cubic  centimeters  of  acetone,  dissolved  in  50  cubic  centimeters 
of  absolute  ether,  gradually  added  through  a  dropping  funnel.  Bubbles 
of  hydrogen  were  given  off  and  the  separation  of  a  white,  gelatinous 
precipitate  soon  commenced.  When  all  of  the  sodium  had  disappeared, 
the  ether  and  precipitate  were  sucked  into  a  flltering  tube,  the  latter 
washed  eight  times  with  absolute  ether,  using  50  cubic  centimeters  each 
time  and  always  sucking  as  dry  as  possible.  The  precipitate  was  then 
dried  to  constant  weight  in  a  current  of  hydrogen,  weighed,  and  decom- 
posed with  dilute,  ice-cold  sulphuric  acid.  Only  a  minimal  amount  of 
acetone-condensation  products  was  obtained,  as  the  sodium  salt  was  prac- 
tically completely  soluble  in  water.  In  no  instance,  if  the  sodium  deriv- 
ative had  been  properly  prepared,  was  there  more  than  a  drop  or  two 
of  insoluble  oil.  When  small  amounts  of  air  or  moisture  gain  access  to 
the  sodium  derivative,  or  when  the  decomposition  by  acids  is  not  carefully 

'Am.  Ohem.  Journ.    (1893),   15,  588. 
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conducted,  tlien  these  condensation  products  result,  the  greater  the  decom- 
position, the  greater  their  amount. 

3.65  grams  pure,  white  sodium  acetone  were  obtained,  containing 
0.8053  gram  sodium. 

Required 
for  CjHsONa 
Sodium.  Found. 


The  acid  solution  resulting  from  the  decomposition  of  the  product  of 
the  action  of  sodium  on       taw         w       d      lllilnwth  n 

and  iodine,  dissolved  inn  nm  dd  Idl  tlh  1  f 
iodine  no  longer  disapp     ed     Ih  Ited      5  g  am      f     d  f    n 

equal  to  1  gram  aeeton         53  p  t    f  tl  nt  cal    1  t  d  f 

pure  sodium  acetone.*     U   1    bt  li  1         f      1  f 

evaporating  its  etherial      Itnndllat  nt      n      td    nto 

iodoform,  so  that  the  p         t  g      f        to  p    I  ably        11  j   1  gl 

than  given  above. 

Experiment  2. — About  15gr  dmw       w       d      ledn 

excess  of  acetone  diluted  w  tl      b    1  te    th       th     wl   1     b     g 
Bhrlenmeyer  flask  havin  m  11        k      fh    fl    k  w  t 

rounded  by  ice,  the  heat  tlltl  tn       Itl        Itl       g 

enough  etlier  to  exclude        tl        1  um  d        t  n    g  wl  t       Tl 

sodium  compound  was  n  w  p  dlj  filt  d  n  H  h  f  1  w  tl 
strong  suction,  quickly  w    1   d    ix  t  th    tl        nd  th      d   ed 

a  vacuum  desiccator  ov         Iph  d  and  p    affin       Th        It  w 

somewhat  pink,  but  as  s    n        t  wa^  dytw     w     hdt       tthf 
gram  as  quickly  as  pos   bl    and  th  n  th    wi     nt  Id    1 1  te       d 

The  acid  was  now  saturated  w  tl  p  t      un        b  n  t     nd  tl    1  w  h    1  ng 
portion  distilled  on  a  w  t     1   th     Th    d  1 11  t    ^         t      ted  w  tl 
solution  of  sodium  bisulph  t      nd  th    wl   I         1dm        f  1 

The  acetone  sodium-bisulph  t(4  5gnf        38g  d 

pound)  was  filtered  and  d     mp     d  w  tl      d  un        b  n  t     th         t 
being  distilled.     There        Itdlgr         fatnblngtS      t 

Experiment  S. — This     a.  d      t         tl}  B  p  13 

with  the  difference  that         d    m  d  t  n    nat    n  w     m  d    bj       ng    n 

'  We  have  once  more  teste  od       d  g        to  3e 

of  isopropyl  or  ethyl  alcoho  te  P 

that  it  is  sufficiently  aeeuratt  be  jt 

than  over  the  amount  of  D      g  on  m 

det«rmination  ia  unsuitable  h  m  gi 

tates  with  his  reagent.     De    „fe(,  C      p  d       sc.  Foi.  (18S8),  127,  963, 

Ann.  Cfcim.  Phys.  (1890),  VII,  18,  400;  Bull.  d.  la  8oc.  chtm.  (1889),  III,  21, 
241.  Oppenheimer;  Ber.  d.  chem.  Qes.  (1899),  32,  986;  C}tcm.  Gentrhl.  (1899), 
II,  88S. 
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excess  of  standard  acid  (found  30.9  per  cent).  This  experiment  gave 
4.3  grams  of  iodoform,  corresponding  to  somewliat  less  than  one-half  the 
theoretical  yield  of  acetone  for  pure  sodium  acetone. 

As  will  be  seen,  even  in  the  above  two  experiments,  wlien  air  was  not 
rigidly  excluded  and  where  the  sodium  derivative  was  not  handled  with 
particular  care,  no  such  high  percentage  of  sodium  as  tliat  obtained  by 
Miss  Taylor,  was  found.  Indeed,  in  a  long  series  of  experiments  we 
have  never  been  able  to  obtain  her  results,  which  could  only  be  accounted 
for  by  a  profound  decomposition  of  her  sodium  derivative  and  the  wash- 
ing out  of  the  acetone  condensation  products  which  would  be  formed. 
If  this  decomposition  were  allowed  to  go  far  enough,  then  practically 
nothing  but  sodium  hydroxide  mixed  with  tlie  sodium  derivatives  of 
alcoholic  reduction  products  would  remain. 

Experiment  4- — This  was  performed  as  was  Experiment  1,  with  tlie 
exception  that  petroleum  ether  was  substituted  as  a  solvent.  Tlie  reaction 
in  this  ease  is  not  so  clean  cut  as  with  ether,  the  resulting  compound  is 
somewhat  pink  and  the  sodium  percentage  higher. 

1.745  grams  of  the  sodium  derivative  gave  0.6203  gram  Na  and  3.4 
grams  iodoform,  equivalent  to  35.5  per  cent  sodium  and  0.52  gram  ace- 
tone, 41  per  cent,  respectively. 

Experiment  5. — The  apparatus  was  the  same  as  in  Experiment  1. 
8,515  grams  of  the  sodium  compound  was  obtained,  giving  3.567  grams 
of  sodium,  equivalent  to  30.14  per  cent.  After  the  sodium  salt  had 
been  decomposed,  the  acid  solution  was  divided  into  four  parts.  One  of 
these  was  saturated  with  sodium  acetate,  then  made  very  slightly  alkaline 
and  the  theoretical  quantity  of  semicarbazid  hydrochloride  was  added. 
A  precipitate  of  crystalline  needles  rapidly  formed.  After  the  mixture 
had  stood  for  IS  hours  in  the  ice  chest  the  precipitate  was  filtered  and 
it  gave  1,3  grams  of  acetone  semicarbazone,  melting  point  186°.  This 
was  identical  in  all  respects  with  a  specimen  of  the  same  body  prepared 
for  comparative  purposes.  One-eighth  of  the  original  acidified  solution 
gave  1.3  grams  of  iodoform. 

Experiment  6. — The  conditions  were  the  same  as  in  Experiment  1. 
8.25  grams  of  sodium  derivative  were  obtained,  from  one-half  of  this, 
acidified,  etc.,  2.9  grams  acetone  semicarbazone,  melting  at  186°,  were 
separated,  and  from  one-quarter,  3.3  grams  iodoform  were  precipitated. 
One  other  sodium  determination  gave  us  29.3  per  cent  of  sodium. 

The  above  experiments  render  it  practically  certain  that  a  sodium 
derivative  of  acetone  exists  among  the  products  of  the  action  of  sodium 
on  acetone,  as  acetone  is  obtained  by  their  decomposition  with  aoids. 
However,  it  might  possibly  be  true  that  the  reaction  product  is  sodium 
isopropylate  together  with  some  caustic  soda  and  that  the  acetone  which 
is  found  is  held  hy  the  sodium  isopropylate  in  a  combination  somewhat 
similar  to  alcohol  of  crystallization.     That  this  is  unlikely  is  proved  by 
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the  fact  that  the  sodium  derivative  formed  by  the  attion  of  sodium  on 
acetone,  after  filtering  and  washing  was  dried  iw  tacuo  to  constant 
weight,  while  at  the  same  time  it  was  warmed  to  beginning  decomposition. 
If  acetone  were  present  in  a  condition  such  as  the  above,  it  certainly 
would  be  driven  ofE  b>  this  treitment,  nevertheless,  the  sodium  derivative 
behaved  as  usual  when  it  was  added  to  dilute  icid  Thit  sodium  iso- 
propylat«  does  not  behave  as  does  sodium  acetone  even  when  it  is  mixed 
with  acetone  is  shown  bv  the  ntxt  experiment 

Expertment  1  - — 3  5  grams  of  sodmm  were  diesohed  in  an  excess  of 
isopropyl  alcohol  and  diluted  with  absolute  ether.  The  white  color  did 
not  change  in  the  least  when  the  derivative  was  allowed  to  stand  for 
three  hours  in  an  open  beaker,  whereas  the  product  of  the  action  of 
sndium  on  acetone,  placed  beside  it  under  the  same  conditions,  decom- 
posed and  completely  changed  in  five  minutes.  When  acetone  was 
added  to  sodium  isopropjlati  under  ether,  the  resulting  mixture  remained 
unchanged  for  a  long  time  when  exposed  to  the  air,  although  after  one 
hour  it  had  assumed  a  slightly  pink  tinge.  It  was  now  filtered,  washed 
thiee  times  with  absolute  ether  dried  and  thrown  into  dilute  sulphuric 
leid  The  usual  acetone  test  gave  no  trace  of  iodoform.  Acetone  is 
therefore  not  retained  b^  isodiuni  jsopropylate. 

Miss  Taylor  suggests  that  the  reaction  first  observed  by  one  of  us 
may  be  due  to  the  formation  of  the  sodium  salt  of  diacetone  alcohol 
{CIIj)j.  COH.  CH;.  CO  .  CHj.  This  compound  is  formed  from  acetone 
in  the  cold  under  the  influence  of  hydroxyl  ions.  Koelichen  '  has  shown 
that  in  the  presence  of  hydroxyl  ions  there  is  an  equilibrium  between  the 
amounts  of  acetone  and  of  diacetone  alcohol,  thus  with  a  concentration 
of  hydroxyl  ions  represented  by  a  10  per  cent  solution  of  sodium  hy- 
droxide, the  quantity  of  diacetone  alcohol  is  3  per  cent  of  the  total 
acetone,  and  smaller  in  quantity  for  a  lower  concentration  of  the 
ions.  The  sodium  compound  of  this  body  would  contain  14.37  per 
cent  of  sodium.  We  have  prepared  diacetone  alcohol  according  to  the 
method  of  Koelichen  and  subjected  it  to  the  action  of  sodium.  The 
alcohol  was  diluted  with  absolute  ether  and  in  an  open  beaker  dissolved 
sodium  very  rapidly,  with  marked  reddening  of  the  resulting  compound, 
the  action  resembling  closely  that  observed  when  acetone  is  similarly 
treated  in  the  open  air,  but  on  acidifying  the  product,  mesityl  oxide  and 
other  condensation  products  of  acetone  are  separated  and  acetone  could 
be  demonstrated  in  the  solution  by  the  formation  of  its  semicarbazone, 
melting  at  185°  to  186°. 

A  different  result  is  obtained  in  an  atmosphere  of  dry  hydrogen.  In 
the  apparatus  used  in  Experiment  1,  and  under  absolute  ether,  diacetone 
alcohol  is  only  very  slowly  attacked  by  sodium,  giving  a  yellowish  sodium 

'Koelichen:  Ztschr.  f.  physikal.  Ciiem.  (1900),  33,  129.  Heintz:  Ann.  Chem. 
{Liebig)    (18731,  169,  114. 
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derivative.  Over  four  hours  were  consumed  in  dissolving  0.5  gram 
of  sodium  in  5.5  grams  of  the  alcohol.  The  precipitate  was  filtered, 
dried  in  a  current  of  hydrogen  and  dissolved  in  dilute  acid,  a  conaiderable 
quantity  of  condensation  products  of  acetone  separating.  0.74  gram  of 
the  sodium  derivative  gave  1.067  grams  sodium  sulphate  or  -10.8  per  cent 
sodium.  It  seems  evident,  therefore,  that  sodium  acting  on  diacetone 
alcohol  really  does  give  sodium  hydroxide  and  the  condensation  products 
of  acetone;  the  reaction  is,  however,  so  radically  different  from  the 
action  of  sodium  on  acetone,  and  the  condensation  products  so  prominent 
(there  are  scarcely  any  when  pure  sodium  acetone  is  diasolveil  in  dilute 
acids)  that  the  theory  that  diacetone  alcohol  is  first  formed,  suhsequently 
to  be  acted  on  by  sodium,  must  be  abandoned.  There  remains  only  the 
question  then  of  whether  sodium  acetone  could  not  react  with  acetone 
to  give  the  sodium  derivative  of  diacetone  alcohol,  although  in  this  event 
the  percentage  of  sodium  found  should  be  very  much  less  than  it  really 
is.  However,  apart  from  this,  in  the  absence  of  condensation  prodvicts 
of  acetone  on  acidifying,  it  must  be  presumed,  to  account  for  the  acetone 
which  is  always  found  in  the  acidified  solutions  of  sodium  acetone,  that 
the  diacetone  alcohol  would  promptly  be  reconverted  into  acetone  during 
this  process.  Rigidly  to  exclude  this  supposition  we  performed  the 
following  experiment. 

Experiment  S. — Four  grams  of  diacetone  alcohol  were  dissolved-  in 
20  cubic  centimeters  of  ethyl  alcohol  and  20  cubic  centimeters  of  water. 
The  solution  was  saturated  with  sodium  acetate  and  4  grams  of  semicar- 
b^zld  hjdrochlor  le  were  added.  The  solution  was  then  rendered  very 
faintly  alkal  ne  a  1  placed  in  ice-water  for  one  hour,  being  vigorously 
scratched  w  th  a  glass  rod  No  precipitate  appeared.  To  be  sure  that 
the  conditioi  Is  were  correct  for  the  formation  of  a  semiearbazone,  the 
bolution  was  1  ded  nt  two  equal  portions.  To  portion  number  two, 
3  grams  of  acetone  were  added  whereupon  a  precipitate  of  crystalline 
needles  immediately  appearel     F       gr  f     m   arbazid  hydrochloride 

were  now  added  to  this  port  n  f  th  g  n  1  lution,  so  that  a  suf- 
ficipnc\  of  the  reagent  shoul  1 1  ]  e«ent  to  p  ec  p  tate  all  acetone  and  all 
diacitone  alcohol,  should  it  f  n  a  n  a  1  n  Both  the  original, 
unchanged  portion  and  the  nl  n  w  k  pt  in  the  ice  chest  over 
night  In  the  morning,  po  t  n  b  n  t  which  no  acetone  had 
been  added,  contained  a  ve  y  faint  p  ec  p  tate  {0.01  gram  melting  at 
185°  to  186°,  it  being  aceton  n  a  baz  )  si  that  a  very  small  amount 
of  acetone  had  been  separated  bj  hyd    Ij  F    m  portion  number  two, 

2.5  grams  of  acetone  semica  la    n  soiated    nelting  at  186°. 

From  the  above  result  it  d  nt  tl   t  th    acetone  semiearbazone 

obtained  in  the  preceding  experiments  could  not  have  originated  in  the 
sodium  derivative  of  diacetone  alcohol  as  the  hydrolysis  of  the  latter 
body  is  a  time  reaction  which  proceeds  slowly. 
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The  above  results  confirm  the  previous  work  in  every  way  and  estab- 
lish the  fact  that  the  action  of  sodium  on  acetone  gives  a  sodium 
derivative  which  can  only  be  sodium  acetone. 

In  view  of  the  above  conclusions  it  ie  not  deemed  necessary  further 
to  discuss  Mies  Taylor's  results  as,  apparently,  she  had  not  reproduced 
the  conditions  under  which  Freer  worked.  A  very  short  review  of  some 
of  the  chief  facts  established  in  the  earlier  literature  and  which  Miss 
Taylor  appears  not  to  have  considered  may  not  be  out  of  place,  as 
it  will  serve  to  recall  some  of  the  arguments  which  were  not  discussed  in 
Miss  Taylor's  paper.  The  portion  of  the  product  of  the  action  of  sodium 
on  acetone  which  is  insoluble  in  ether  was  shown  by  Freer '"  to  consist 
of  acetone  sodium,  sodium  isopropylate,  and  disodium  pinakonate,  the 
soluble  portion,  of  a  sodium  derivative  of  acetone,  no  sodium  isopropylate 
was  isolated  from  this  soluble  portion  and,  if  it  is  not  carefully  acidified, 
mesityloxide  and  phoron  are  to  be  obtained.  In  studying  the  products 
of  the  action  of  chlorcarbonic  ether  on  sodium  acetone.  Miss  Taylor  sug- 
gests thai  a  mixture  of  ethyl  isopropyl  carbonate  and  diethylcarbonate 
would  yield  34  per  cent  of  carbon  dioxide,  whereas  Freer  found  33.89 
per  cent  on  decomposing  the  oil  boiling  between  138°  and  139°  and  pro- 
duced by  the  interaction  of  sodium  acetone  and  chlorcarbonic  ether 
(calculated  CO,  for  CnHieOj,  33.84  per  cent),  but  Miss  Taylor  ap- 
pears to  have  overlooked  the  statement  '^  that  Freer  also  proved  the 
presence  of  ethyl  alcohol  and  acetone  in  the  products  left  after  sapo- 
nification. If  acetone  had  been  present  as  mesityl-oxide,  the  percent-  - 
age  of  carbon  dioxide  would  have  fallen  very  much.  It  was  further 
shown  by  Freer  that  the  fraction  boiling  at  138°  "  yielded  a  sufficient 
amount  of  acetone  on  decomposition  with  dilute  acid  to  allow  of  its 
being  separated  as  the  acetone  sodium-bisulphite  compound.  (Found 
carbon  dioxide  33.7  per  cent;  the  quantity  of  ethyl  alcohol  was  less  than 
one-half  the  organic  liquid  isolated,  it  boiled  at  78°.)  We  would,  there- 
fore, if  we  were  dealing  with  a  mixture  of  diethylcarbonate,  ethyl  isopropyl 
carbonate  and  mesityloxide,  neetl  to  assume  a  large  proportion  of  the 
latter  substance  to  be  present,  and  this  would  inevitably  have  lowered 
the  carbon  dioxide  very  markedly.  Furthermore,  the  oil  boiling  between 
132°  and  137°  yielded  30  per  cent  of  acetone  (calculated,  48.8  per  cent) 
and  this  figure,  because  of  the  difficulties  in  quantitative  estimation,  is 
undoubtedly  too  low.  It  does  not  seem  reasonable  to  assume  that  an  oil 
which  would  contain  a  sufficient  quantity  of  mesityloxide  to  yield  so 
much  acetone  would  not  further  react  with  phenylhydrazine,  but  on  the 
otlier  hand  this  percentage  would  correspond  to  a  total  of  63  per  cent 

^"Amer.  Chem.  Jout^.   (1883),  15,  692. 
"■Ibid.   (1891),  13,  325. 
"i6id.   (1895),  17,  II. 
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of  the  isoacetone  ester  in  the  oil.  Miss  Taylor's  supposition  is  that 
this  acetone  comes  from  mesityloxide  present  in  the  misture.  If  enough 
mesityloxjde  occurred  in  the  mixture  to  yield  30  per  cent  of  acetone, 
then  the  carbon  dioxide  found  would  be  reduced  by  11  per  cent,  to  say 
nothing  of  the  change  brought  about  in  the  analytical  results.  A  mixture 
which  consists  of  ethyl  isopropylcarhonate,  diethylcarbonate  and  sufficient 
mesityioxide  to  yield  30  per  cent  of  acetone  and  which  will  also  give 
33.7  per  cent  of  carbon  dioxide,  can  not  be  calculated.  Miss  Taylor 
allowed  her  reaction  product  to  stand  over  phenylhydrazine  for  four  days. 
It  is  possible  that,  if  isopropenylethylcarhonate  was  present  at  all,  it 
would  by  that  time  have  reacted  with  phenylhydrazine;  it  is  also  possible 
that,  owing  to  some  variation  in  her  work  Miss  Taylor  never  had  the 
body  in  the  oil  she  prepared.  Attention  is  further  called  to  the  fact 
that  Freer  obtained  enough  3-ehiorpropene  by  the  action  of  phosphorus 
pentachloride  to  isolate  this  very  low-boiling  substance.  The  reaction 
product  also  absorbs  bromine  in  the  cold,  without  yielding  hydrobromie 
acid. 

Miss  Taylor  did  not  use  benzoyl  chloride  in  studying  tiie  composition 
of  sodium  acetone,  substituting  p-nitrolienzoyl  chloride  therefor.  Again, 
in  her  reaction  she  does  not  seem  to  have  had  a  sodium  derivative  which 
acted  like  the  one  described  above,  for  she  obtained  none  of  the  addition 
products  described  by  Freer  as  a  result  of  the  action  of  benzoyl  chloride 
on  sodium  acetone.  That  p-nitrobenzoyl  chloride  might  not  form  an 
isoacetone  ester  is  conceivable,  but  in  that  event  it  should  give  addition 
products.  Freer,  in  studying  the  action  of  benzoyl  chloride  on  sodium 
acetone  separated  the  reaction  products  into  two  parts,  one  soluble  in 
alkalies,  the  other  insoluble.  In  this  instance,  the  insoluble  oil  (12 
grams)  boiling  at  130°  (39  millimeters  pressure)  added  bromine  in 
the  cold,  gave  acetone  in  sufficient  quantity  to  be  isolated  from  the  sodium- 
bisuiphite  compound,  isopropyl  alcohol,  and  ethyl  alcohol.  The  organic 
liquid  containing  the  acetone  was  twice  as  great  in  volume  as  the  remainder. 
Tlie  portion  of  the  reaction  product  which  was  soluble  in  alkalies  yielded 
acetophenon,  mono-  and  dibenzoyl  acetone.  Here  we  are  not  dealing  with 
a  mixture  of  oils,  but  with  crystalline  solids  which  can  be  isolated  in  the 
pure  state.  It  is  dilficult  to  see  how  mono-  and  dibenzoyl  acetone  could 
result  from  a  mixture  of  condensation  products  of  acetone,  sodium 
isopropylate  and  caustic  soda.  Sodium  acetone  must  have  taken  part  in 
the  reaction. 

It  should  also  be  remembered  that  Freer  and  Laehman ''  studied  the 
action  of  sodium  on  methyl  propylketone,  obtained  2S.1  per  cent  of 
sodium  in  the  derivative  (calculated  31.3  per  cent),  isolated  dibenzoyl 
methyl  propylketone,  and  from  2  grams  of  the  alkali  insoluble  portion 

"  Anier.  Chem.  Joum.  ( 1897),  1  9,  878. 
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obtained  0.9  gram  benzoic  acid,  1  gram  niethjlpropylketone,  some  haloge- 
nated  oil,  and  some  hydrochloric  acid.  The  entire  8  grams  ia  therefore 
accounted  for.  Intermediate  halogenated  addition  products  were  also 
demos  trated. 

Pure  mesityloside  reacts  so  energetically  with  sodium  that  the  products 
may  even  take  fire  with  explosive  violence,  the  sodium  compound  is  so 
unstable  that  it  can  not  be  isolated. 

From  the  above  considerations  it  is  evident  that  the  original  descrip- 
tions of  sodium  acetone  remain  unaltered.^* 

"Since  the  above  was  written  an  article  by  Levi  and  Voghera  (Gazz.  cliim. 
Ital.  (1905),  35,  I,  277)  has  come  to  our  attention.  Theae  investigators  studied 
the  electrolysis  of  KSCN,  KI  and  Nal  in  acetone  solution,  water  being  rigidly 
excluded  from  their  solutions.  At  the  cathode  sodium-acetone  respectively 
potassium-acetone  separated  as  white  snbstanees.  With  water  these  gave  acetone 
and  sodium  or  potassium  hydroxides.  The  potassium-acetone  gave  40,70  per  cent 
of  potassium  (calculated  40.02  per  cent),  and  it  dissociated,  when  placed  in. 
water,  into  acetone,  potassium  and  hydroxyl  ions,  the  correct  lowering  of  the 
freezing  point  for  a  molecular- weight  of  96  was  obtained   (found  95.3). 
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A  NEW  SUBSPECIES  OF  PHILIPPINE  CICINDELID^. 


By  Waltheb  Hobn. 
(Berlin,  Qermtaiy.j 


Family  CICINKELlDiE. 


CICINDELA. 


CIcIndela  clara  Schaum,   rugothoracica,  aubap.  nov. 

Dillert  a  Cic.  clara  suavisdma  Schaum,  fronte  antica  et  vertice  paullo, 
pronoto  multo  grossins  rugatulia  (hia  rugis  plus  minusve  traneversia) ; 
pronoto  subopaco,  multo  minus  convexo,  disco  ipso  pauUulum  deplanato, 
aiitice  magis  dilatato;  elytris  evidenter  minus  gibbosis,  postiec  minus 
declivibus  neque  micantibuB;  signatura  testacea  (  9  macula  apicali  eutu- 
rali  albescente) :  maculis  omnibus  minoribus,  puneto  subhumerali  magis 
a  mai^ne  distant*.  Corpore  Bupra  viridi  (  ?  capite  prothoraceque  pluB 
minusve  violaceo-aeneis,  elytris  nigroviolaceis),  suhtus  (et  4  primis  anten- 
naruni  artieulis)  eoeruleo- viridi,  epistemia  9  purpureo-violaeeis.  Long, 
7.5-8  mm. 

Differt  a  subspecie  aenula  mihi  veri:ice  prothoraceque  evidenter  crassio- 
ribus,  froote  antica  et  vertice  et  pronoto  grossius  rugatis;  hoc  antiee 
magis  dilatato,  disco  minus  convexo,  basim  versus  non  declivi  sed  sat 
gradatim  deseendente;  puneto  subhumerali  magis  a  margine  remoto, 
elytris  aut  nigro-violaceis  aut  viridibus,  episternis  aut  clarius  purpureo- 
violaeeis  aut  viridibus. 

(Coll.  R.  C.  McGregor)  Benguet,  Irisan. 
1  coll.  Bureau  of  Science,  Manila,  P.  I.,  alteram 


Entomological  Collection,  Bureau  of  Science, 


lc?l?,  Ins.  Philipp. 

Specimen  alter um  in 
in  mea. 

Type    9,  No.  1515  i 
Manila. 

The  pronotum  bare,  with  only  a  few  white  bristles  at  the  anterior  and 
posterior  angles.  Lateral  portions  of  the  under  side  of  the  body  sparingly 
pilose,  disc  of  the  abdomen  bare.  Trochanters  brownish,  maxillary  palpi 
dark-metallic.  The  coloration  of  the  body  and  that  of.  the  pattern  may 
be  individual. 

7T 
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The  new  species  resembles,  in  some  features,  Cic.  svavis  m.,  but  the 
latter  has  the  disc  of  the  abdomen  pilose,  the  lateral  portions  of  the 
under  side  aud  the  whole  lateral  margin  of  the  pronotum  denser  pilose, 
head  and  pronotum  finer  sculptured  (especially  the  wrinkles  near  the 
eyes  much  finer),  the  transverse  impressions  and  strangulations  of  the 
pronotum  less  deep,  the  last  one  less  dilated  at  the  front;  elytra  longer, 
more  nearly  parallel  and  (especially  behind)  flatter,  the  spot  below  the 
shoulder  just  a  little  nearer  the  border;  maxillary  palpi  and  base  of 
femora  pale-yellow. 
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REVIEWS. 

Snrveying  and  levellinf  Inatrnments  Theoretically  and  Practically  Described: 
for  Constrnetion,  Qualities,  Selection,  Preservation,  Adjustments,  and  Uses; 
with  Other  Apparatus  and  Appliances  Used  by  Civil  Engineers  and  Surveyors 
in  the  Field.  By  William  Ford  Stanley.  Cloth;  372  illustrations  in  the 
text.     Pp.  XV+B62.     Priw,  7s.  Od.     Iy)ndon:  E.  A  F.  N.  Spon.     1901. 

Tliis  is  pertiaps  tlie  only  book  in  tlie  English  language,  with  the  ex- 
ception of  snrveying  text-books  and  trade  catalognea,  which  treats  of 
the  manufacture,  use,  and  adjustment  of  mathematical  instruments.  For 
the  purposes  for  which  it  is  intended  it  is  more  valuable  timn  either 
of  the  ahove  classes,  being  far  more  comprehensive  than  text-books  and 
more  impartial  than  catalogues. 

With  an  experience  of  about  fifty  years  in  the  manufacture  of  scien- 
tific instruments,  the  author  must  certainly  be  well  qualified  to  treat  of 
his  subject,  both  from  tlio  practical  and  the  theoretical  standpoint,  but 
in  regard  to  its  impartiality,  the  hook  is  perhaps  open  to  criticism.  It 
is  not  surprising  when  we  consider  that  all  engineers  have  habits  of 
their  own,  that  the  author  should  have  his  own  prejudices,  and  quite  , 
natural  that  they  should  be  favorable  to  instruments  of  his  own  manu- 
facture. It  is  not  intended  to  convey  the  impression  that  the  book  is 
merely  an  elaborate  exposition  of  the  author's  manufactures,  a  sort  of 
catalogue  in  text-book  form.  It  is  far  more  than  that,  for  other  systems 
and  other  makes  arc  frequently  mentioned  and  compared ;  simply,  that 
the  author  dwells  longest  on  his  own  and  does  not  devote  as  much  space 
to  other  instruments,  with  which  the  American  engineer  at  least,  is  more 
familiar.  Yet,  if  this  is  a  fault,  it  must  be  considered  a  pardonable  one, 
for  it  would  be  plainly  impracticable  to  describe  in  detail  all  the  dif- 
ferent kinds  of  surveying  instruments  vfhich  are  in  use  in  different 
countries,  so  if  the  author  must  choose,  he  selects  tliose  with  which  he 
is  most  familiar. 

The  book  is  of  value  not  only  to  those  interested  in  the  manufacture 
of  surveying  instruments,  but  especially  to  men  in  the  field  who  in 
emergencies  may  be  compelled  to  make  their  own  repairs.  It  contains 
much  useful  information  and  many  practical  hints  on  the  preservation, 
testing  and  repair  of  instruments  which  can  he  found  in  no  other  book. 
Older  men  as  well  as  the  less  experienced  will  therefore  find  it  useful  for 
reference. 

M.  G. 
79 
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HatlieDiatical  Drawli^  and  Xeaauring  InBtrnmenU.  Tlieir  ConBtruction,  Uses, 
Qualities,  Selection,  Preservation,  and  Suggestions  for  Improvements;  with 
Hints  upon  Drawing,  Colouring,  Calculating  Sun  Printing,  Lettering,  etc. 
By  William  Ford  Stanley.  Seventh  edition.  Cloth;  247  illustrationa  in  the 
text.     Pp.  vii+370.     Price,  58.     London:  E.  A  F.  N.  Spon.     1900. 

On  the  subject  of  impartiality,  this  book  is  open  to  criticism.  For 
instance,  an  entire  chapter  is  given  up  to  various  improvements  and 
modifications  of  the  pantagraph  manufactured  by  the  author,  while  the 
suspended  pantagraph,  which  is  an  improved  form  very  commonly  used 
in  America,  is  not  even  mentioned.  Thus  also,  the  ordinary  triangular 
scale  receives  a  brief  mention  to  the  effect  that  it'  is  not  much  used 
and  not  much  recommended.  The  patented  triangular  scale,  in  which 
the  graduations  are  raised  from  the  drawing  surface,  is  not  mentioned, 
althougli  it  has  been  one  of  the  most  commonly  used  drafting  instruments 
in  America  for  more  than  ten  years.  While  the  book  may  properly  be 
described  as  a  desirable  reference  book  for  the  draftsman,  we  would  by 
no  means  classify  it  as  an  essentia!.  The  majority  of  the  instruments 
described  are  those  with  wliich  every  draftsman  is,  or  at  least  should  be, 
perfectly  familiar,  while  the  others  such  as  oiigraphs,  cymagraphs,  and 
odontographs,  the  descriptions  of  which  occupy  a  good  portion  of  the 
book,  are  instruments  which  probably  not  one  draftsman  in  fifty  will 
ever  see  or  ever  possess.  While  these,  which  may  be  called  special  instru- 
ments,  have  their  peculiar  uses,  the  work  of  most  of  them  can  usually 
be  performed,  perhaps  less  conveniently,  by  other  simpler  and  more 
generally  useful  appliances.  Tn  large  establishments  such  instruments 
may  occasionally  hn  the  most  economical  and  desirable,  and  the  drafts- 
man should,  therefore,  at  least  he  aware  of  their  existence.  This 
purpose  the  book  serves  admirably,  not  only  describing  them  in  consider- 
able detail  but  also  telling  the  particular  work  for  which  each  is  best 

M.  G. 
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PHILIPPINE  FIBERS  AND  FIBROUS  '^BSTANCES:  THEIR 

SUITABILITY  FOR  PAPER  MANNG.     PART  III 

(CONCLUSION). 


By  Geobge  F.  Richmond. 
It  the  Chemical  Laboratory,  Bureau  of  b'cience,  Manila,  F.  I.) 


INTEODUCTION. 

Tht  gradual  but  certain  docrea^*  in  tin,  available  supply  of  the  leading 
paper  makers  raw  material  at  tht  prcwtnt  time  is  further  emphasized, 
by  recent  compilations  concerning  the  American  pulp  wood  induatrj. 
Some  of  the  more  important  considerationB  brought  out  in  a  circular 
repcrt  on  wood  used  for  pulp '  m  1005  arc 

First  The  increase  m  the  quantity  consumed,  3,192,223  cords  being 
nsef!  during  1^05  or  a  gam  of  iiO  7  per  cent  over  the  corresponding 
figures  for  189<) 

becond  The  increased  uie  of  chemical  processes  for  the  reduction  of 
wood  to  paper  pulp  In  1905  the  proportions  were  approximately  66 
per  cent  of  chemical  and  34  per  cent  of  mechanical  pulp ;  these  percent- 
ages representing  a  gain  of  74  7  per  cent  for  the  chemical  process  as 
against  one  of  39  4  per  cent  for  the  mechanical  during  six  years. 

Third  The  greatly  increased  U!^e  of  nooda  other  than  spruce  and 
poplar  and  a  more  general  utilization  of  waste  products  from  lumbering 
industries      Such   wood  species  as  hemlock,  fir,  southern,   pitch   and 

'Hale,  H.  M.:   U.  S.  Dept.  Agricalture,  Forest  Service  Circ.   (19061,  No.  44. 
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jack  pines  and  even  the  hardwoods  such  as  beach  and  maple,  are  now 
being  employed,  while  slabs,  sawdust  and  veneer  cores  are  also  being 
considered. 

Fourth.  An  increase  of  approximately  75  per  cent  is  also  shown  in 
the  amount  of  pulp  wood  imported.  This  importation  consists  of 
645,438  cords  of  Canadian  spruce  and  poplar. 

Fifth.  The  estimated  length  of  time  during  which  the  supply  will  be 
STailable  is  given  as  twenty-one  years. 

The  United  States  Forest  Service  has  established  a  laboratory  at 
Beaton,  Maasachusetta,  for  a  further  investigation  of  the  woods  men- 
tioned above  as  well  ae  of  other  varieties  and  also  of  the  waste  materials, 
and  the  following  quotation  serves  to  explain  the  reason  for  its  exiat-ence. 

To  supply  the  enormous  demand  for  tlie  sulphite  product  more  tlian  l,iiOO,000 
cords  ot  wood  are  uaed  annually.  Nearly  tour-fifths  of  thia  amount  is  spruce. 
A  rapid  diminution  in  tlie  supply  of  standing  spruce  and  a  consequent  marked 
increase  in  its  cost  are  the  results  of  this  great  and  growinif  demand  Therefore, 
the  principal  object  of  the  liboratorj  is  to  evpenment  on  the  pulp  making  possibil- 
ities, of  other  woods" 

The  experinientb  to  be  conducted  m  the  Boston  laboratorj  are  intended 
to  include  the  investigation  of  a  large  number  of  American  woods  and 
waste  products,  their  applicability  to  the  sulphite  process  of  treatment; 
a  microBCopic  study  of  the  fiberb  and  the  distribution  ot  samples  of  pulp 
and  handmade  sheets  of  paper  made  theiefrom 

Generally  speaking  the  species  of  wood^  betit  '■uibd  for  paper  pulp 
should  possess  the  following  characteristics 

First  They  should  be  soft  but  of  a  resistant  natuie  \n<\  thcv  shjuld 
possess  long,  fine,  parallel  fibers 

Second  They  should  he  light  m  is  eight  mH.  Lolorless  or  nearh  so. 
The  species  which  have  the  distinct  heart  and  sap  wood  uia\  be  pmplo\ed, 
if  the  distinction  is  not  too  pronounced 

Third.  They  should  be  but  moderately  resinous  with  a  comjiaratively 
thin  bark,  and  they  should  be  relatively  free  from  knots  and  unsound 
portions. 

The  above  requirements  seem  to  be  met  by  a  sufficient  number  of 
Philippine  forest  trees  to  warrant  a  study  of  their  pulpmaking  possibil- 
ities. Authentically  identified  specimens  of  the  different  woods,  together 
with  data  as  to  their  distribution,  description  and  physical  properties, 
were  furnished  by  Dr.  H.  N.  Whitford  of  the  Philippine  Bureau  of 
Forestry  and  by  Dr.  Foxworthy  of  the  botanical  section  of  the  Biological 
Laboratory,  and  the  botanical  identifications  were  made  by  Elmer  D. 
Merrill,  botanist  of  the  .Bureau  of  Science. 

'Forestry  and  Irrigation,  Wash,    (1900|,  12,  8. 
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LB  No.  1. — Trre  *pefle»  propofe/l. 


Botanical  name. 

CJ„ 

Specific 

Weight 
peT  cubic 

BemukB. 

Ciipang_ 

May»pl8 

0.44« 

.285 
S9ft 

8.03 

Ptrrml. 

Moderawly  resinous. 
Do. 

Parkia  roiburghif 

AiilBOptera  Tldaliana .__. 

AlBUinia  BcholHris 

SwKlori.um  vldalt8num_ 

•1  kilo  =  2,2  pounila. 
PHILIPPINE  WOODS, 
Lauan  {Shorea»p.). 

Strttclural  gualilifs. — t.auan  is  a  light  and  soft  wood  whicli  takes  a  fair  polish; 
the  pith  rays  are  fine  but  dintinct,  in  radiHl  sertion  tliey  arc  very  prominent  oa 
horizontal  lines  or  patches  of  a  darker  color  than  that  of  tiie  surroiindinf;  wood; 
tliis  dark  color  is  due  to  reain  contained  in  tlis  pitii-rny  ci-lls.  Tlie  vpHsels  are 
of  medium  size,  often  filled  with  ^nniniy  ntateiial;  wood  pHrenchyiiia  ia  present, 
but  of  irregular  distribution.  The  leain  canals  are  small  and  scattered,  often 
forming  distinct,  white,  concrete  lines. 

Appearanpe,  color  and  grain. — Both  lieart-wood  and  sap-wood  of  lauan  are  of 
a  lif;ht-brown  to  whitish  shade.    Th«  wood  is  straiftht,  but  of  rather  coarse  grain. 

Uses. — Lauan  wood  is  employed  in  Hf{lit  and  temporary  construction.  It  js 
also  used  in  cahinet  making,  in  inferior  furniture,  and  for  small  itoatx, 

/Voninces  leading  in  jwodKcfion.— Negros  Oeeidental.  Bulacan,  Bataan,  Loyte 
and  Zambales. 

Remarks. — This  is  thu  most  widely  distribute*!  ti-ee  in  the  Philippine 
forests.  It  is  found  in  limited  numbers  in  every  type  of  lowland  forest 
excepting  the  swamps,  and  it  is  also  present  in  the  foothills.  Lauan  has 
a  tall  and  regular  bole.  The  young  trees  are  but  slightly  buttredsed,  but 
the  old  ones  often  show  this  development  to  a  great  degree.  Several 
difEerent  kinds  of  wood  are  marketer!  under  the  name  of  lauan,  the 
classification  being  as  red  and  white.  The  red  lauans  are  undoubtedly 
distinct  in  species  from  the  true  white  lauan  (Chorea  contorta  Vid.). 
There  are  at  least  two  white  lauans  found  in  the  Provinces  of  Mindoro, 
Bataan  and  Zambales,  and  another  species  {Shorea  sqwMnata  F.-Vill.) 
is  obtained  from  Negros,  this  variety  is  also  locally  known  as  altnon.  The 
tree  designated  as  malaanonang  (Shorea  malaanonan  Blume)  and  found 
scattered  through  the  forests  of  Hizal  and  Bulacan  Provinces  also  greatly 
resembles  the  poorer  grades  of  lauan  both  in  appearance  and  structure.  • 
It  is  much  lighter  in  color  than  any  of  the  commercial  red  lauans,  and 
from  its  structure  it  should  be  considered  as  being  useful  for ,  fiber 
production  in  the  same  manner  as  is  the  true  white  lauan. 
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CuPANO  (Parkia  roscbiiri/hii  Tian.) . 

Cupang  ia  a  light  and  soft  wood.  It  is  not  durable  and  rota  ijuickly;  there 
is  no  distinction  between  sap-  and  heart-wood;  its  tolor  h  white  or  whitish.  It 
is  coarse  grained,  splitting  more  or  leas  regularly;  its  odor  is  pronowneedly 
mephitjc  when  it  is  fresh  or  when  it  is  partially  rotted,  it  is  less  pronounced 
when  the  wood  is  dry. 

The  veaselfl  are  of  medium  size,  each  surrounded  by  a  collar  of  whitish  cells; 
the  pith  rays  are  small  but  distinct,  they  are  lighter  in  color  than  the  surrounding 

Distribution, — Cupang  is  probably  found  in  lowland  forests  in  every  province 
of  the  Arcliipelago ;  it  also  occurs  in  India  and  throughout  Malaysia. 

Uses- — Cupang  has  no  commercial  use  at  the  present  time.  It  was  formerly 
employed  in  the  manufacture  of  matches,  but  its  use  was  discontinued  because 
of  its  odor. 

Remarks. — Both  lauan  and  cupang  are  free  from  knots  from  base  to 
crown.     Cupang  grows  to  large  diameter,  with  a  smooth,  straight  cylin- 
drical bole,  which  is  often  quite  short.     Usually  a  clear  length  of  40 
to  55  feet  terminates  in  a  much  branched  crown. 
May  APIS   [Anieoptera  sp.). 

Structtiral  qwalities. — Mayapia  is  a  light,  soft  wood  and  ia  not  durable.  In 
structure  it  very  much  resembles  lauan,  however  it  ia  distinctly  coarser  grained. 
Its  vessels  are  slightly  larger  and  more  numerous  and  its  pith  rays  are  rather 
more  distinct. 

Appearance,  color  aiid  grain. — Mayapis  is  yellowish- white  in  color  and  coarse 
grained. 

Uses, — It  is  used  in  light  and  temporary  construction. 

Provinces  leading  in  produotian. — ^laguna,  Tayabas,  Bataan  and  Cagayan. 

Common  names. — Mayapis,  palosapis,  etc. 

Retnarhs. — The  tree  which  yields  most  of  the  lumber  known  as  mayapis 
is  probably  Anisoptera  vidallana  Brandis,  although  some  other  closely 
related  species  may  also  be  known  as  mayapis  or  palosapis.  This  tree 
has  a  long,  straight,  clean  bole  with  a  small  taper,  the  clear  lengths 
varying  from  30  to  80  feet.  Its  average  diameter  ia  about  20  inches. 
DlTA  {Alatonia  acholaris  R.  Br.). 

Dita  is  a  light  and  soft  wood  weighing  28  pounds  per  cubic  foot;  it  seasons 
badly  and  it  rapidly  becomes  moldy  if  seasoned  in  the  log. 

Appearance,  color  and  grain. — There  is  no  distinction  between  aap-  and  heart- 
wood;  it  has  a  white,  even  grain  which  is  fine  and  straight.  Tlic  porea  arc 
medium  sized;  the  pith  raya  fine  and  irregularly  distributed,  with  numerous 
intermediate  extremely  fine  rays;  there  are  many  fine,  wavy  concentric  lines  at 
unequal  distances.  The  wood  has  a  very  bitter  taste;  it  is  easy  to  work  and  is 
used  for  light  furniture  of  various  sorts  and  for  the  manufacture  of  matches. 

Alstoma  soholaris  ia  a  very  large,  evergreen  tree,  with  smooth  bark  and  straight 
clear  bole.     It  is  found  in  old  clearings. 

DistribHtivn.—Dita  is  widely  distributed  throughout  the  Archipelago  and  also 
extends  from  India  to  the  Philippines. 

Remarks. — Dita  is  furnished  by  Alstonia  scliolaris  R.  Br.  and  by  no 
other  species. 
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Santol  {Sandoriaim  sp.). 

A  iiocifrattly  hard  and  lieavj  wood  weighing  10  4  kiloa  (36  pounds)  per 
cubic  foot  The  aup  word  is  Rrai  the  I  eart  wood  faintly  reddish  resembling  the 
color  of  Icml  tk  It  is  close  and  straight  gra  ned  lerv  easy  to  work  and  it 
takes  a  fim;  polisl  The  wood  has  a  campl  or  like  odor  when  first  cut  The 
pores  aie  small  an  1  tl  e  n  ed\illarT  raja  fine 

i>is(tt6uftofl— Tl  e  tree  is  >ery  common  in  cultivation  and  in  old  clearings 
also  in  lowland  forests  it  is  f  und  throughout  the  PI  ilippines  and  in  the  Indo 
Malayan  rcgi   i 

Remarlt — -Thi  scientihc  designation  is  Samloncani  indt^um  ("  a\  , 
but  the  leri  iimilar  wowl  mahtantol  i»  connrion  in  the  forest  and  m 
furnished  by  tht  clo«ely  related  Sandoncvm  mdalu  Merr 

OthLF  woods  worthj  of  mention  but  upon  winch  no  work  has  been 
done  art  taluto  {Pierocymhium  iinctonum  Mtrr  )  VKdapapaya  (Po?y« 
iMs  nodota  beem  )  papaya  and  baJete  and  othtr  speciei!  of  the  genua 
PiCM«  frteii'ui  sp  etc  All  of  these  are  of  ommon  occurrence  are  ver} 
Moft  and  light  and  are  white  or  nearlv  so  in  color  llie>  all  mold  \er\ 
quickly  ]f  allowed  to  cure  in  the  log 


On  the  wt4t  c  la  t  the  I  a  in  drained  b\  the  Binonangan  River  com 
prise-,  approximatdv  '  1^"  acre^  The  topography  of  this  area  is  such 
that  lumbering  operations  can  eaiily  be  earned  on  The  distance  from 
the  coast  to  the  most  remote  timber  m  this  basin  is  about  6  mile' 
The  area  is  well  forested  except  for  a  narrow  strip  on  the  seacoaet  where 
the  timber  i«  bmall  and  '.cattered  The  principal  wood  Bpecies  founl 
on  this  areiare  panao  tanguile  Kuan  guijo  ma^api-i  and  cupang  The 
cupaiig  among  the  pulp  wo)ds  cover  onl>  the  bwer  eleiations  up  to 
100  feet  an  area  of  approximately  3  900  acre«  while  the  lauan  and 
ma^apis  are  di  tributed  o\er  the  whole  region 

The  estimated  total  itmd  of  the  three  woods  is  given  a  — 


Cupang 
Mayapia 


Cubic  taet 

l,8-'0  720 

..   1,578,960 

..  1,040,400 


Total  . 


These  figures  represent  only  the  merchantable  stand  in  the  basin,  of 
trees  of  these  species  of  20  inches  or  more  in  diameter  aft^r  making 
an  average  deduction  of  20  per  cent  for  unsound  timber;  hence  5,000,000 
cubic  feet  of  pulp  wood  may  he  obtained  from  this  small  area. 

The  yield  tables*  for  the  merchantable  stand  of  timber  on   4,590  . 
hectares  (11,339  acres)  of  public  forest  on  the  eastern  coast  of  Miiidoro 

^Bryant,  R.C.:  Hep.  Bu.  Forestry,  P.  I.,  (1001-1902). 

'Metrit,  M.  L.,  and  Whitford,  H.  N.:  Phil.  Bu.  Forestry   (1900)  ;  6. 
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show  a  yield  of  14,060,778  cubic  feet,  cutting  to  a  diameter  limit  of  40 
centimeters  (16  inches) ;  of  this  amount  6,453,368  cubic  feet  is  white 
lauan. 


Experiments   to   determine   the   shrinkage  of   the 
barking  gave  the  following  results : 


Tablb  No.  S. — Oreen  wood  coninining  30  I 
in  length  inryiiig  15  to  SO 


rious   woods  in 


Kin  a  of  wood. 

Weight. 

.« 

Belore 
barking. 

After 
barking- 

2.896 
5.480 

8.969 

4.SO0 

Fereenl. 

11.00 
10.67 

Dlta  ^ 

One  cord  of  green  spruce,  containing  37  per  cent  of  moisture  and 
cut  in  4-foot  lengths,  weighed  2,001  kilos  (4,440  pounds)  ;  after  harkiup; 
it  was  1,G22  kilos  (3,570  pounds)  or  19.5  per  cent  shrinkage.'' 

Tabt.e  No,  S.— Dimensions  of  fhf  idiimate  Jibere  of  some  Philijipine  imods. 
[Table  by  Dr.  Fosworthj.] 


KftDie, 

»„.„,. 

Tolal. 

Lumen.             1 

ssJir.'- 

S™. 

SS: 

age. 

Mini- 

S: 

Aver-     Mini- 

Lauan  (ghorea  Fontorta) 

Mayaple    (Aniaoptera    Tifla- 

2.62 
1.80 

1.15 

_^ 

1.13 
1,67 

0,026 

.085!i 

.U25 

0,017 

:r  z 

CupanglParklaroxburBii) 

Dila  lAlEtonia  scholarls) 

•Griffin  mid  Little:   Cliem.  Paper  Making  (1894),  141. 

'  Sulphite  pulp  matiufactured  by  Willamette  Pulp  and  Paper  Company,  Oregon 
City,  Oregon. 
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ercialpulp  v>o<id*. 


PHIUPPINB  WOODS, 

Kind  of  noon. 

Water. 

Aqueoua 

AlMhol 

CeUu- 
lo.e. 

Incruit- 

«. 

Percent, 
10. « 

4.  SO 
<.19 

Perctnl. 
,60 

Pereenl. 
61.-1 

48.  M 

Peteetd. 
19.  W 

Perteia. 

o.tt» 

.83 
■iM 
.W 

SOME  COMMERCIAL  PULP  WOODS. ' 

Scotch  pine 

18.87 

1.26 

l.OS 

56,99 
58.09 

\  ...» 

38.10 

30,88 
26.91 

8.^,19 
35,46 

.35 

SODA    WOOD   I'ui.rs. 

One-kilo  lots  {2.2  pounds)  of  wood  were  barked,  chipped  and  cooked 
in  the  model  digestor,  washed,  screened  and  molded  into  7  hy  10  inch 
boards.  These  were  first  air-dried  and  weighed,  then  repulped  and 
beaten  in  a  small  Hollander,  bleached  and  formed  into  nnsized  handmade 
sheets. 

Table  No.  5. — Iihrpa~imenU  mith  tauan. 


IS 

weight  ot 
malerial. 

gestion. 

Preasuies 
carried. 

Yield 

[puip. 

Bleachtns 

weight  In 
.each. 

Un- 
bleached. 

Bleached. 

sumWl. 

Perce^. 

25 
22,5 

12.5 

« 

5(7i) 

Percenl. 
40.9 

46.2 

Percent. 

Peree^. 

J^^, 

40 
40.8 

17.1 
18,8 

6.69 
10,8 

'Mailer,  Hugo;   Die  Pflanzenfaaer,  Leipz.   (1873),  150, 
'AnalyspH  by  Griffin  and  Little, 
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Remarks. — The  conditions  of  experiment  3,  namely,  a  5  per  cent 
(6°  to  7°  Baum^)  liquor  and  five  hours'  digestion  at  7  to  8  atmospheres' 
(105  to  120  pounds)  pressure  produced  a  well-boiled  pulp,  comparatively 
free  from  screenings.  In  experiment  4,  a  weaker  liquor  accomplished 
the  same  result  in  double  the  time,  at  a  slightly  increased  pressure. 
Experiment  5  produced  a  coarse  pulp,  very  brown  and  badly  contaminated 
with  shive.     Experiment  1  showed  evidence  of  too  caustic  a  treatment. 


Tablb  S 


— Experimentt  juifft  eupang. 


'¥ 

solution. 

Cftiietlo 

geetion. 

'=■■ 

Yield  01  pulp. 

Blenching 

Loss  of 
ing. 

Mi«, 

ri. 

itoceni. 

Percent. 

■; 

b 

4s.n 

Pereail. 

Pereenl. 

Percml. 

40.3 
40.2 

lfl.5 

7.8 
10.  S 

Remarks. — Under  similar  conditions  of  treatment,  eupang  pulps  more 
easily  than  lauan  and  with  a  little  better  yield.  The  pulp  resembles 
poplar,  in  length  of  fiber  and  ease  of  treatment  although  it  is  somewhat 
harder  to  bleach. 

Table  No.  7. — ETperimenlt  vAih  mayapis. 


= 

soda 

material. 

g^aon. 

curled. 

Yield  ol  pnlp. 

Bleaching 

ing.  ' 

bleBched. 

.,.„.,.. 

.=. 

4 

Perixm. 

Percent. 
22 

n.5 

5 

Almoi^hefce. 

Percent. 

Pereeal. 

Percent. 

Percent. 

41.19 

15.4  . 

2.74 
2.81 

'Good  while  color. 


"YellovUsh  color. 


Rem,arks. — Mayapis  is  one  of  the  most  promosing  of  the  Philippine 
pulp  woods.  It  is  even  lighter  in  color  than  white  lauan  and  has  a  con- 
siderably longer  fiber  than  eupang.  A  yield  of  40  to  45  per  cent  of  easily 
bleached  pulp  may  be  expected  by  digestion  with  alkaline  liquors. 

Dita  wood  is  too  short  fibered  and  weak  to  be  of  much  value  for  paper 
pulp.  It  is  briefly  considered  here  because  of  its  wide  distribution  and 
abundance  in  the  Philippines  and  because  it  would  yield  the  bark  which 
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contains  the  most  widely  known  and  important  Filipino  drug  ag  a 
by-product.  The  alkaloids  from  dita  bark  are  being  investigated  by  Dr. 
R.  P.  Bacon  of  this  Bureau." 

Only  two  soda  digestions  on  dita  wood  were  made.  The  wood  is  very 
easily  reduced,  but  its  yields  are  5  to  10  per  cent  lower  than  those  of  the 
others  under  identical  conditions  of  treatment. 

Experiment  i.— Strength  of  liquor,  4.4  per  cent;  20  ppr  cent  caustic  soda  used 
calculated  on  tlie  sir-dried  wejglit  of  tlie  ivood;  preHxiire,  >>  to  t!  iitinoaplicrea ; 
time,  S  hours;  yield,  35  per  cent. 

Haperiment  3. — Strengtii  of  liquor,  3.3  per  cent;  15  per  cent 
calculated  on  the  weight  of  the  wood;  pressure,  5  to  G  atmosplier 
yield,  33  per  cent. 

SULPHITE    WOOD    PIII.P, 

T  lia\p  conduLted  a  large  numher  of  sulphite  digestions  on  selected 
spetiet.  of  Philippitit  woods,  under  larving  conditionh  of  strength  of 
liquor,  duration  of  boiling,  tunpcrature  and  preosurt  An  upright,  steel 
digester  capable  of  holding  several  poundi  of  raw  material  waa  con 
•ttructed  for  these  experiments  The  conditions  obtained  m  practice 
were  thus  closely  approximated  and  the\  furnish  reliabh  data  whiih  can 
readilj  be  calculated  in  terms  of  ton  lots  of  raw  materials  and  of 
chemicals 

Considerable  difiitulty  was  encountered  m  constmeting  a  gas-tight 
digester  and  in  protecting  the  iron  shell  from  the  comsive  action  of 
sulphite  hquors  After  failing  m  ''c^eral  attempts  to  make  sheet  lead 
or  Bilicate-pamt  liningb  which  would  hold,  the  following  arrangement 
^suggested  b^  the  Director  was  adopted  throughout  all  the  sulphite 
experiments 

4  large  -(toneware  chemical  jar  mth  ground  stone  cap  and  spring  dip  seal  waa 
placed  inside  the  atcel  digester  shell  and  surrounded  with  water  containing 
sufficient  alkaline  bicarbonate  to  equalize  the  pressure  produced  bi  the  free 
Hulpliuroiis  arid  gas  on  the  inside  of  the  jar  A  drop  tube  carrjing  a  theimometer 
and  dipping  into  the  outside  liquor  betueen  the  atone  and  iron  nails  alloued  of 
perfect  registration  of  tbe  temperature  conditions  of  the  digestions 

In  a  smalt  wiy,  we  were  able  to  deposit  a  \ery  smooth  adherent  lead 
lining  on  iron  by  the  Bett's '"  process  for  refining  base  bullion  in 
fluosilicic  aeid  solution,  but  the  proper  current  density  and  other  condi- 
tions were  not  at  hand  tor  lining  our  large  digester  m  this  manner 

Ihe  woods  were  barked  and  chipped  in  the  usual  manner  and  cooked 
b\  the  quick  cook  system  namelv  at  high  temperatures  for  a  relatneh 
short  time 

'This  Journal  (1906),  1,  1007. 

"Electro  Chem.  and  Metallurgical  ]nd.  (1005)  3,  272. 
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Table  No.  8.—SulphiU  digettioas  on  PhUij^ine  wood»  {quiek-i»oking  proeeM). 


Kind  of 
experiment 

Con 

a 

"I 

Duration  of 
digauon. 

Yield  of  pulp. 

Screen- 
log* 

Total 
SO,. 

Corn- 
so^. 

ftble 
30„ 

Time  to 
temper- 

Ume. 

s: 

Un- 
blettphed 

BlcMhed. 

A 

Lauan: 

8.. 

MayaplK 

2- 

Cupsng: 
1 

S.6 
8.5 

S.82 

a.8 

8.75 

1.S 
1.6S 
1.2 

2.0 

2.10 
2.4 

*l 

6i 
4i 

Hoart. 
11 

150 

151 

Per 
cenl. 
42.2 

<7.27 
47 

cent. 

^. 

mi(. 

43.3 

18.. 

42.35 

14 

■■;:;■- 

43.0.         8.51 

1.78 

1.97 

The  following  conclusion  are  drawn  from  tlie  experimental  data  which 
have  been  tabulated  and  from  the  general  appearance  and  feel  of  the 
resulting  pulps : 

A  certain  excess  of  sulphurous  acid  over  the  amount  necessary  to 
form  the  bisulphite  of  the  base  is  desirable,  first,  because  it  tends  to 
prevent  the  formation  and  separation  of  the  monosulphite  of  calcium, 
which  is  extremely  hard  to  wash  out  and  which  is  liable  to  cause  specks 
throughout  the  pulp;  second,  it  is  a  more  economical  liquor  to  prepare. 
However,  too  great  an  excess  of  free  acid  is  sure  to  produce  a  brown  pulp 
similar  to  those  resulting  when  sulphurous  acid  is  used  alone  without  any 
base  being  present.  The  liquor  should  contain  about  twice  as  much 
available  acid — that  is,  acid  combined  as  the  bisulphite  of  the  base  and 
acid  absolutely  free,  as  is  combined  in  the  form  of  the  mono  or  normal 
sulphite.  Such  a  liquor  will  allow  of  digestions  at  the  majiimum 
temperature  of  160°  and  at  even  higher  ones,  without  danger  of  burning 
the  chips  if  no  gas  is  blown  off  during  the  cooking  operation.  A  liquor 
of  this  composition  will  complete  the  cook  in  from  ten  to  twelve  hours  if 
the  charges  have  previously  been  thoroughly  steamed  and  four  hours  are 
consumed  in  reaching  the  maximum  temperature  ultimately  carried. 

Remarks. — The  sulphite  digestions  were  regulated  entirely  by  the 
temperature  and  no  gas  was  blown  ofE  at  any  time.  The  chips  were 
invariably  steamed  before  the  sulphite  liquor  was  run  in,  and  just  suf- 
ficient liquor  barely  to  cover  the  well-tamped  charge  was  used.  A  heavy, 
perforated  lead  disc  placed  on  top  of  the  wood  kept  all  the  chips  sub- 
merged.    No  device  to  induce  circulation  of  the  liquor  during  the  boiling 
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was  employed.  The  heat  was  applied  by  direct  flame  and  the  charge  was 
always  left  in  the  digesUir  after  the  completion  of  the  cook  until  the 
following  morning.  The  chips  of  all  the  experiments  reported  in  the 
above  ta,ble  were  of  a  light,  salmon  color  when  diacharged,  and  the  liquor 
was  a  clear  brown  and  still  contained  free  sulphurous  acid.  The  pulp 
washed  and  beat  easily  to  nearly  white,  soft  fiber.  Analyses  of  the 
unbleached  fibere  given  in  Table  No.  9,  page  !)3.  serve  to  indicate  the 
extent  to  whicli  the  incnisting  matters  were  reniove<l,  under  the  corre- 
sponding digestion  conditions. 

srLPHlTE    VVhV   FROM    FIRERS   OTIIElt   THAN    WOOD. 

Within  recent  years  numerous  attempts  have  been  made  to  apply  the 
bisulphite  or  acid  treatment  to  the  manufacture  of  cellulose  from  tlie 
cereal  straws;  this  was  pointe<l  out  in  a  previous  paper  "  but  the  siliceous 
nature  of  straw  has  heretofore  stood  in  the  way  of  a  satisfactory  isolation 
of  the  cellulose  by  this  method. 

Dietz'*  proposes  first  to  remove  the  greater  proportion  of  the  ash 
content  of  the  straw  before  submitting  it  to  the  action  of  the  sulphite 
liquor.  He  has  shown  that  a  preliminary  treatment  with  the  tJieoretical 
(juantity  of  hydrofluoric  acid,  calculated  on  the  basis  of  the  silica  content 
of  the  straw,  in  the  form  of  a  O.H  to  1.2.^  per  cent  solution,  is  capable  of 
reducing  the  1.5  to  3.7  per  cent  of  silica  normally  present  to  less  than 
0.05.  After  such  treatment,  the  straw  is  said  to  he  quite  suitable  for 
digestion  with  bisulphite  liquors.  The  iiest  conditions  for  boiling  the 
straw  thus  purified  are  given  by  an  ordinary  calcium  liisulphite  liquor  con- 
taining 3.C  per  cent  total  sulphurous  acid,  of  which  'ZA  per  cent  is  free 
and  1.3  per  cent  combined.  The  boiling  should  Ijc  regulated  so  that 
a  pressure  of  3.5  atmospheres  is  reached  in  an  hour  and  maintained  for 
three  hours.  By  this  procedure  the  author  obtained  a  42  per  cent  yield 
of  pulp  which  bleached  well  with  13  per  cent  of  bleaching  jwwder. 
Whether  the  partial  removal  of  the  silica  in  this  manner  will  prove 
to  be  economically  practicable  remains  to  be  seen.  The  increased  yield 
of  straw  cellulose  and  the  short  time  required  to  produce  it,  should 
be  considered  to  be  very  attractive  on  the  continent,  where  this  material 
is  quite  highly  prized  for  paper  stock.  In  view  of  some  results  to  be 
described  later,  obtained  in  pulping  bamboo  by  means  of  sulphurous  acid, 
I  do  not  believe  it  to  be  necessary  partially  to  remove  the  mineral  constit- 
uents from  highly  silicated  materials,  before  their  treatment  with  sulphite 
liquors. 

Other  raw  materials  besides  the  Philippine  woods  already  described, 
from  which  sulphite  pulp  has  been  prepared  in  this  laboratory  are  hemp 
waste,  old  rope,  jute  gunny  sacks  and  dwarf  bamboo.     The  experiments 

"This  Journal  (1906),  1,  437. 

"Ztschr.  f.  angew.  Chemie.   (1905),  2S,  648. 
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were  conducted  with  the  view  of  determining  the  exact  conditions  condu- 
cive of  the  beat  results  in  yield,  color,  ease  of  bleaching  and  strength 
of  the  resulting  pulps;  the  conditions  of  the  digestions;  namely,  strength 
of  liquor,  proportion  of  free  and  combined  acid,  proportion  of  liquor  to 
material  digested,  temperatures  employed  and  duration  of  the  cooking 
are  given  below. 

SULPHITE  BAMIiOO  PULP. 

Preparation. — Mature  and  seasoned  culms  of  dwarf  bamboo  were 
crushed  between  rollers  and  chopped  into  3  to  4  inch  lengths.  Some 
charges  were  thoroughly  steamed  before  the  sulphite  liquor  was  added 
and  in  others  the  liquor  was  run  in  upon  the  dry  chips.  Bamboo  prepared 
in  the  above  manner  forms  dense,  flat  pieces  which  lie  very  close  together 
and  which  allow  of  being  covered  with  considerably  less  liquor  than  an 
equivalent  weight  of  chipped  wood.  In  at!  the  digestions  the  weight  of 
the  bamboo  to  the  weight  ot  the  liquor  used  was  ^  to  \ — that  is,  15.12 
liters  (four  gallons)  of  liquor  was  the  maximum  amount  employed  in 
any  case  for  4.5-|-  kilos  (10  pounds)  of  bamboo  chips. 

Experiment  J.-^Unsteamed  chips  were  gradually  heated  through  a  period  of 
tour  hours  to  a  maximum  temperature  of  150°  C.  and  maintained  at  this  point 
for  four  hours  longer,  giving  eight  hours  for  the  entire  digestion.  The  charge  was 
blown  out  under  pressure;  the  chips  were  light,  salmon-colored  and  apparently 
digested.  The  yield  of  air-dry  pulp  was  SQ.B  per  cent.  The  liquor  carried  3.5 
per  cent  of  sulphurous  acid,  all  combined  as  the  bisulphite. 

Experiment  2.— Five  kilos  of  well-steamed  bamboo  were  covered  with  13.23 
liters  (3.5  gallons)  of  bisulphite  liquor,  containing  3.45  per  cent  of  total  sulphur- 
ous acid,  and  heated  up  directly  to  a  masimum  ot  155°,  tliia  temperature  being 
maintained  for  a  total  period  ot  ten  hours.  The  chips  were  soft,  light-brown  in 
color,  and  they  bleached  with  difficulty.  The  yield  ot  unbleached  pulp  was  51.7 
per  cent;  the  yield  of  bleached  was  48.4  per  cent,  with  a  consumption  ot  22  per 
cent  ot  bleaching  powder  of  35  per  cent  available  chlorine. 

Experiment  3. — Two  and  one-half  kilos  (5.5  pounds)  each  of  steamed  bamboo 
and  cupang  wood  were  digested  with  15.12  liters  (4  gallons)  of  licjuor  of  the 
following  composition : 

German  method:  p^r  cent. 

Total  sulphurous  acid  _                                                           1 1I 

Free  8ulphurou*i  acid  2  4 

Sulphurous  acid  combined  as  monosulphite  of  calcium              I  i 

Lime  CaO  „                                                     1  05 

American  method 

Total  sulphurous  acid  1  6 

Free  suipliurous  acid  _           ^                                             12 

'Sulphurous  acid  combined  as  bisulphite  of  calcium  2  4 

Lime  CaO  105 

The  cook  Has  heated  up  to  15d°  in  four  hours  and  maintained  at  145°  to 
155°  C.  for  a  total  period  of  ten  hours  The  iield  ot  cellulose  from  the  cupang 
was  46.76  per  cent   from  the  bamboo  47  32  per  cent 
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Both  the  cupang  and  the  bamboo  fibers  were  of  good  appearance 
throughout,  soft  and  nearly  as  white  as  bleached  pulp.  The  bamboo  pulp 
consumed  16.8  per  cent  of  bleaching  powder  in  two  treatments;  the 
yield  of  pure,  bleached  cellulose  being  45.3  per  cent.  See  Table  No,  8 
for  the  bleach  consumption  and  yield  of  bleached  cupang  fiber.  Analyses 
of  both  pulps  in  the  unbleached  state  are  given  in  Table  No.  11. 

Table  No.  f>.—Aiial)fte»o/ imbteached  mlphilefibergprepnrfd  by  thei/uiei-rooting 
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Very  dirty,  3-inch  cable  rope  cut  dim  n  irid  will  tk  5ni.d  md  duittd  b\ 
hand,  lost  31  per  cent  in  weight 

Experiment  i.-— Digested  with  a.  straight  biaulpliite  hquor  containing  3  64  per 
cent  total  sulphurous  acid.  A  tprnperaturo  of  140°  L  was  reached  in  t«o  hours 
and  held  at  140°  to  145°  f.  for  four  liours  more  The  fiber  wan  nearly  »hit( 
clean  and  strong;  the  yield  of  air-diy  unbleached  pulp  «as  72  per  c«nt  calculate  I 
on  the  cleaned  material,  and  56.88  per  c«nt  calculated  on  tlie  original  weight  of 
the  rope. 

Erpertmenf  3. — 3.75  kilos  (7.5  poundi)  of  rope  prepared  as  abo\e  and  125 
kilos  (2.5  pounds)  of  new  jute  bagging  were  dif,ested  with  15  12  liters  (4  gallons) 
of  calcium  bisulphite  liquor  of  3.5  per  cent  total  snlpliurous  acid  content  \ 
maximum  temperature  of  145°  C.  uaa  reached  in  less  than  tno  hours  and 
maintained  for  a  total  period  of  sii  hours  The  pulp  uus  clean  grayish  and 
long  ftbered. 
.  The  yield  unbleached  was  as  follow*     Rope   715  per  cent    jute   02  6  per  cent 

Eicperiment  3. — 3.75  kilos  (7.5  pound-)  of  rope  of  good  quahtj  whifh  loaf 
approximately  10  per  "cent  in  cleaning  and  1.25  kilos  (2.5  pounds)  of  very  old 
jute  baj^ing  were  digested  with  a  bisulphite  liquor  of  the  following  composition; 


Total  sulphurous  acid  

I^iilpliurous  acid  combined  a 


.    3.55 
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e  hour  and  niamtamed  for 


n  temperature  of  150°  was  reached  i 
three  hours — a  total  of  four  hours  for  the  entire  cook 

The  yield  was  as  follows     Hope  fiber   56  5  per  tent ,  jute  fiher   'i6  pt  r  cent. 

The  chief  features  of  the  sulphite  pulps  made  from  Manila  And   lute  atock  a 
the  light,  gray  color  to  be  obtained  direct  from  the  nntiliing  engine 


Baled  waste  from  han<l-strippefi  Manila  hemp  from  \\ha\  Province 
was  thoroughlj  hand  -Jirted  and  dutted  to  free  it  from  coarse  hu'iks  and 
sand;  at  least  50  per  cent  of  the  original  ^i eight  of  the  waste  bem^ 
removed  by  this  treatment  It  was  then  cut  to  a  suitable  finenesb  (about 
4  to  5  inch -lengths )  and  closeh  packed^  into  the  digester  strong  pressure 
being  used  to  hold  the  charge  submerged  m  a  small  volume  of  liquor 
Four  to  five  timee  its  weight  of  liquor  proved  sufficient  to  pulp  the 
material  under  tht  conditions  of  tht  resptctive  tvperiments  outlined 
below. 

Table  ho.  lO.—fivlphile  digestion  of  abaci  uasle. 
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Remarks — 4n  ordinan  bwulphitt  jf  limt  ml  niagiit  la  hqior  such 
as  19  general]\  used  in  the  manufacture  jf  bulphitt  wood  pulp  is  ap 
plicable  to  this  material 

The  state  of  subdmsion  and  the  e\tremelv  porous  nature  of  the  wastt 
allows  of  the  heating  of  the  boiler  to  the  ma\iinuni  temperature  it  is 
desirtd  to  maintain  in  the  shortest  possible  time  without  dang  i  ot 
burning  tht  pulp 

Three  to  four  hours  digestion  at  temperatures  ranging  Itttwetn  140 
and  150°  C  will  produce  a  strong  gra\ -colon  d  atotk  «liich  washes  and 
beats  readily  by  the  usual  methid's  but  these  onditi  ns  of  time  and 
temperature  do  not  dissohe  all  .>f  the  chaff  and  cellular  matter  present 
and  the  result  is  a  rather  poor  appearance  when  the  pulps  are  molded 
into  boards  or  sheets  Ihe  cellular  matt«r  remaining  m  the  pulps  is 
nonfibrous  and  has  no  felting  power  but  it  does  possess  a  cementing 
nature  which  adds  to  the  strength  of  paper  made  from  snch  half  stuff 
and  I  do  not  think  that  it  w  ill  be  neces  arv  to  attempt  to  remove  all  of 
the  nonfibrous  portion    frcm  hemp  waste  for  the  ]  roduction  if  colored 
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or  coated  papers  such  as  are  used  in  the  maniifapturp  of  hoavy  baga 
which  are  fi!!ed  but  once  and  where  strength  is  the  iiui>ortaiit  eharac- 
terietic  desired. 

The  bate  of  waste  upon  which  the  above  experiments  wcr'  made  is  not 
considered  to  be  as  clean  and  well  sorted  as  it  is  possible  to  obtain  this 
material  in  practice,  in  fact  I  am  informed  that  a  nuich  In'tter  grade  is 
now  being  collected  and  baled  in  consideral>le  quantities  in  the  provinces. 

An  average  yield  of  approximately  50  -pet  cent  of  i^trong-iibered  stock 
was  obtained  in  the  sulphite  digestions  outline<l  alMive,  and  this  is  about 
what  may  he  expected  from  the  best  grades  of  waste  it  is  possible  to 
obtain,  if  the  baled  stuff  is  thoroughly  devikxl  liefore  it  is  subjected  to 
any  kind  of  chemical  treatment. 

General  rondiisions. — First.  It  is  essential  that  the  material  should  he 
clean  and  as  free  from  foreign  matter  as  mechanical  cleaning  processes 
will  make  it. 

Second.  A  preliminary  steaming  of  the  charge  in  the  boiler  before  the 
sulphite  liipior  m  nin  in  is  advantageous  mainly  liet-ause  it  allows  the 
material  to  be  tamped  down  and  eovcn.'d  with  a  much  smaller  quantity 
of  liquor.  Most  of  the  materials  treated  are  very  bukly  in  the  dry  state 
and  sufficient  liquor  to  cover  is  greativ  in  excess  of  the  amount  neawsary 
to  do  the  work.  The  running  in  of  cold  water  and  allowing  it  to 
discharge  answers  the  purpose. 

Third.  Because  of  the  finely  divided  and  porous  nature  of  siieh  mater- 
ials, no  gradual  rise  of  temperaturi'  up  to  the  maximum  to  be  carried  is 
necessary,  as  is  true  in  treating  dens<.>,  wood  chips,  hut  the  digester  may 
be  heatt^  up  to  full  pressure  at  once,  thus  saving  three  to  four  hours 
in  time. 

Fourth.  The  stock  is  more  easily  washed  and  its  color,  ae  it  appears 
when  it  is  taken  direct  from  the  washing  engines,  is  fully  as  light  as  the 
partially  bleached  lime  or  soda  pulps  made  from  this  class  of  fibers,  and 
this  fact  should  be  strongly  emphasized  not  only  l>ecause  of  saving  in 
cost  and  of  the  time  of  a  bleaching  operation,  but  also  Iwcause  lignified 
fibers  such  as  hemp,  jute,  etc.,  are  very  susceptible  to  chlorination  during 
bleaching,  and  this  seriously  impairs  the  strength  of  the  resulting  stoi-k. 

I  am  not  aware  that  sulphite  jute  or  rope  stock  have  ever  been  made 
commereiallv,  hut  I  see  no  reason  why  such  stock  would  not  he  superior 
to  that  made  by  the  old  process,  particularly  as  this  class  of  filwrs  is 
invariably  used  in  the  manufactiire  of  low-white  or  coated  products,  in 
which  strength  is  the  most  important  consideration.  Mills  running 
on  jute,  rope,  straw,  etc.,  will  readilv  see  the  advantage  of  employing  a 
process  which  cooks  and  bleaches  a  fiber  in  one  operation,  thus  eliminat- 
ing the  losses  of  fiber  and  time  incident  to  extra  handling  and  excluding 
the  solvent  action  on  the  fiber  which  alkaline  liquors  are  known  to  possess, 
as  well  as  the  liability  to  deterioration  in  strength  caused  by  poorly 
conducted  bleaching. 
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COMPAUieON   OF   THE   ACID    AND  'aI.KALINE   PIIOCESSES   OV    PULP 
MANUFACTURE. 

Some  of  the  points  of  superiority  claimt'd  for  the  acid  or  IjiBulphit* 
method  of  treatment  are:  greater  yields,  stronger  fibers  and  greater 
economy  m  the  cost  of  ehemii-als  consumed.  The  adherents  of  the  older, 
or  alkaline  method  of  treatment  claim  applicability  to  a  wider  range 
of  raw  materials,  greater  ease  of  manipulation  and  economy  in  coat  of 
chemicals  and  time.  There  is  no  doubt  but  that  greater  yields  and 
stronger  stock  are  obtained  by  the  bisulphite  process,  for  as  it  is  strictly 
a  hydrolytic  chemical  reaction  performed  in  a  reducing  atmosphere,  the 
possibilities  of  oxidation  are  escluded,  and  therefore  no  loss  of  cellulose 
or  weakening  of  the  fiber  results  from  this  cause. 

White  pine  wood,  which  is  pulped  by  both  processes,  invariably  in 
commercial  practice  yields  about  10  per  cent  more  sulphite  than  soda 
cellulose.  Sulphite  cellulose,  in  the  common  practice  of  blending  dif- 
ferent pulps  to  produce'  papers  of  certain  qualities  required  by  the  trade, 
is  relied  upon  for  the  property  which  it  possesses  of  giving  strength  to 
the  materials. 

That  alkaline  solutions  exert  a  solvent  action  on  v^etahle  fibers  is  well 
known.  Taus  '*  in  a  series  of  carefully  conducteil  experiments  has  shown 
that  purified  i-otton  cellulose  is  attacked  by  alkalies  at  the  high  tempera- 
tures and  concentrations  frequently  employed  for  isolating  paper  cellulose 
by  the  soda  process,  and  assuming  that  a  soft  wood  (pine  wood)  contains 
54  per  cent  of  cellulose  and  46  per  cent  of  other  matter,  the  latter  or  4fi 
per  cent  will  be  dissolved  after  three  hours  of  digestion  with  3  per  cent 
caustic  soda  solution  at  a  pressure  of  five  to  six  atmospheres,  hut  70  per 
cent  of  the  total  cellulose  and  other  matter  would  be  dissolved  with  the 
same  strength  of  liquor  in  the  same  period  if  the  digestion  were  to  be 
carried  on  at  ten  atmospheres,  and  approximately  the  same  solvent  action 
is  effected  if  the  time  (three  hours)  and  the  pressure  (five  atmospheres) 
remain  unchanged,  but  the  strength  of  the  alkaline  liquor  increased  to 
8  per  cent.  Now  8  per  cent  (12°  Baum6)  liquor  is  the  nile  rather  than 
the  exception  in  the  actual  practice  of  soda  wood  pulp  prodnction,  and 
for  the  purpose  of  facilitating  the  mechanical  loosening  of  the  fibers  and 
of  effecting  solution  of  the  noncellular  incrusting  matters  in  the  shortest 
possible  time,  pressures  which  are  more  nearly  t«n  than  five  atmospheres 
are  also  adopted.  In  my  opinion  more  thorough  and  better  methods  of 
preliminary  preparation  of  woody  tissue  or  of  other  raw  cellular  materials 
will  accomplish  the  same  purpose  with  an  improvement  both  in  quantity 
and  quality  of  the  resulting  product.  In  all  the  experiments  I  have 
recorded  on  both  soda  and  sulphite  digestion  of  wood,  the  method  of 
preparation — that  is,  the  barking  and  chipping  which  are  employed  in 

"Dingler's  Polgt.  Jmm.   (1890),  276,  411-428. 
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actual  practice — was  followed,  but  repeated  trials  on  wood  in  various 
states  of  subdivision  conclusively  showed  that  it  was  possible  to  produce 
an  equivalent  yield  with  a  considerably  weaker  liquor  in  the  same 
time,  by  doubling  the  number  of  chips  per  given  weight.  While  there 
undoubtedly  is  a  minimum  limit  beyond  which  wood  could  not  safely  be 
divided  without  impairing  the  length  and  strength  of  the  fibers,  that 
limit  is  by  no  means  reached  in  present  practice.  Even  the  passing  of 
the  green,  chipped  wood  under  heavy  crushing  rollers,  a  procedure 
worked  in  some  sulphite  mills,  is  a  very  efficient  means  of  mechanical 
disintegration. 

The  method  of  preparing  wood  for  sulphite  digestion  and  the  im- 
provements in  the  operation  iteelf  have  resulted  in  a  great  saving  of  the 
time  required  for  the  digestions.  It  was  usual,  when  the  process  was 
firet  applied,  to  boil  the  pulp  for  twenty  hours  or  more,  but  now  fourteen 
to  sixteen  hours,  dependent  upon  the  kind  of  wood  and  the  quality  of  the 
pulp  desired,  is  the  more  common  practice. 

Much  has  been  written  regarding  the  relative  cost  of  the  two  processes 
of  manufacture  under  discussion.  Many  factors  enter  into  a  calculation 
of  the  comparative  cost  of  producing  soda  and  sulphite  cellulose.  How- 
ever, the  problem  is  an  important  one  in  the  event  of  the  introduction  of 
the  industry  in  a  new  country  and  therefore  it  deserves  some  considera- 
tion. Leaving  out  the  initial  expense  of  installation,  which  is  im- 
doubtedly  greater  for  a  sulphite  than  for  a  soda  plant,  it  is  proposed 
briefly  to  discuss  the  relative  cost  of  producing  a  ton  of  sulphite  and  soda 
pulp  from  white  lauan  or  mayapis  wood,  the  local  market  quotations  on 
the  chemicals  required  alone  being  considered. 

Calculations  for  the  production  of  1  ton  of  sulphite  pulp,  based  on 
the  use  of  a  straight  bisulphite  of  calcium  liquor  of  3.5  per  cent  total 
sulphurous  acid  content  and  1  per  cent  of  lime,  Japanese  sulphur  and 
native  lime  being  used,  are  as  follows  : 

Fifteen  per  cent  ot  sulphur  recovered;  2  eords  of  wood  give  1  ton  (2,000  pounds) 
of  pulp;  8,399.16  liters  (2,222  gallons)  ot  liquor  contain  296.3  kilograma  (650 
pounds)   sulphurous  acid,  or  156.4  kilograma   (341.88  pounds)   of  sulphur." 

Sulphur  is  calculated  at  2.T5  cents  per  kilogram   ( 1.26  cents 

per  pound) $4.27 

And  84.08  kilograms  (186  pounds)  lime,  at  1.1  cents  per 
kilogram   (0.5  cent  per  pound] 


15   per  cent  of  sulphur  recovered — that  is,  23,33  kilos   (51J 
pounds )^at  2.75  cents  per  kilo   (1.25  cents  per  pound) 


"  Ninety-five  per  cent  of  the  sulphur  burned  being  rendered  available 
form  of  sulphur  dioxide. 
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The  calculations  for  ttie  production  of  1  ton  (3,000  pounds)  of  soda 
pulp  are  based  on  the  use  of  caustic  eoda  made  from  imported  soda  ash 
and  native  lime.     They  are  as  follows : 

7,560  liters  (2,000  gnllons)  of  caustic  liquor  of  a  specific  gravity  of  1.06 
(8°  Bauml?,  3.25  per  cent  of  caustic  EMida)  contains  approximately  400  kilograms 
(880  pounds)  of  alkali,  whicii  in  turn  requires  for  its  mamifacture: 

300  kilos   (660  pounds) 
per  pound)  .. 


534  kilos  ( 1,176  pounds )  soda  ash,  at  0.4  cent  per  kilo  ( I  cent 
per  pound)   


75  per  cent  of  soda  ash   recovered  as  such,  400  kilos    (882 

pounds),  at  0.4  cent  per  kilo  (I  cent  per  pound) 8.82 


While  the  above  estimates  are  but  rough  approximations,  they  are 
to  be  considered  as  fairly  conservative  and  they,  serve  to  indicate  the 
cost  of  the  crude  chemicals  actually  consumed  in  the  production  of  one 
'ton  of  sulphite  and  soda  pulp  respectively.  It  will  be  noted  that 
estimates  for  the  sulphite  liquor  call  for  a  consumption  of  8,399  liters 
(3,322  gallons)  for  3  cords  of  chips.  In  our  sulphite  digestions  we  were 
able  to  cover  4.54  kilos  (10  pounds)  of  well-packed  chips,  previously 
steamed,  with  18.90  liters  (5  gallons)  of  liquor;  this  is  equivalent  to  the 
above  volume  for  2  cords  of  the  wood.  However,  in  practice  9,450  liters 
(2,500  gallons)  of  liquor  are  usually  employed.  The  sulphite  liquor  in 
the  estimate  and  the  one  which  was  found  to  produce  the  best  results  in 
our  experiments  had  the  following  composition; 

Per  cent. 
Total  sulphur 


Sulpliurou»«cid  combined,  bisulphite  of  calcium 2.28 

Sulphurous  acid  free   (in  excess  of  the  amount  necessary  to 

form  calcium  bisulphite 1.32 

Lime   1.00 

In  Germany,  all  acid  in  excess  of  that  which  is  necessary  to  form  the 
nionosulphite  of  calcium  (CaSO^)  is  termed  free  acid ;  hence  according  to 
the  German  system  of  nomenclature,  the  above  liquor  would  contain : 

Per  cent. 
Combined  acid  1.14 
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PULP-   AND   PAPER-MAKING   CHEBICALS, 

The  following  Lhtmicals  Jime  sulphur  caiutftc  wifet  soda  ns/j  chloride 
of  lime,  kaolin,  iah  gypsum  aJum  etc  are  largely  conRiiniPd  in  the 
manufacture  of  paper  pulp  their  um?  being  (U pendent  upon  the  chemical 
process  adopte<l  for  the  convtrsion  of  raw  fibrout.  material  mto  paper 
stock  and  the  particular  gradti  of  tht  finished  proiluct  it  is  desired  to 
make. 

Lime.— C ale iuiii  oMdt,  (CaO)  tonmitrcialU  known  at-  quitk  or  cauhtic 
linie,  is  undoubtcdl)  tht  most  unixcrsally  used  reagent  m  the  prepara 
tion  of  chemical  pulp  Its  source  is  the  limestone  deposits  so  widely 
distributed  throughout  the  worll  In  the  alkaline  procebs  of  digestion 
lime  finds  extensne  use  eithtr  as  uch  or  in  combination  with  soda 
ash  for  the  preparation  ft  ciustic  sotla,  when  a  more  active  alkaline 
reagent  is  required 

In  the  acid  or  bisulphite  method  of  treatment  lime  is  the  base  most 
generally  employed  in  the  j  reparation  of  the  sulphite  liquors  here  again 
it  may  either  be  used  alone  to  form  unmixed  bieulphite  of  calcium  liquors 
or  in  conjunction  ttith  magnesia  derived  from  the  magnesian  limestont 
called  dolomite. 

A  further  use  for  lime  in  tht  paper  industry  is  m  the  manufacture 
of  bleaching  powder  (thloridt  of  lime)  and  it  may  be  employed  in  the 
form  of  the  sulphate  as  pearl  hardening  or  as  g\psum  to  furnish  a 
mineral  loading  material  in  certain  grades  of  paper 

Sdlphur.— The  principal  ources  ot  the  world  s  supply  of  sulphur 
are  found  in  Sicily  in  Louisiana  and  Utih  in  the  United  States  and  m 
Japan.  In  the  firm  m  which  it  is  brought  on  the  market  it  is  classified 
according  to  its  degree  of  fineness  A  second  or  third  grade  containing 
one-half  to  one  per  cent  of  foreign  matter  and  a  h  is  usually  employed  m 
the  preparation  of  sulphite  liquors  Sulphur  comes  to  the  mills  m 
sacks  or  barrels  and  it  is  burned  as  needed  tl  e  sulphurou  acid  gas  which 
is  formed  eitiier  being  parsed  into  water  containing  the  lime  in  solution 
or  suspension,  or  through  a  long  vertical  column  of  coarse  limestone  or 
dolomite,  sprinkled  with  water 

Caustic  soda  4nd  sod\  ^sh — Caustic  soda  (NaOH)  and  soda  ash 
(NajCO,)  appear  on  the  market  m  different  states  of  purity  their  value 
depending  on  the  amcunt  jf  alkali  (Na^O)  present  Tht  grades  which 
find  most  general  use  among  { iper  makers  are  78  per  cent  caustic  soda 
and  48  per  cent  ash. 

The  present  market  quotations  are  as  follows:" 

Caustic  soda  (78  per  cent),  per  ewt $1.75-1.85 

Soda  ash  (48  per  cent),  per  cwt .75-  .80 

"The  duty  on  these  chemicals  on  entering  the  |>ort  of  Manila  is  25  cents  per 
100  kilos  (220  pounds)  gross  weight.     (Philippine  Cuatams  Tariff,  Par.  93.) 
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BiJiACHiNG  POWDER  (chloride  of  lime)  is  valued  on  its  content  of 
available  chlorine;  it  is  somewhat  unstable  and  it  readily  deteriorates  In 
atrength  on  exposure  to  heat,  air  and  moisture.  When  freshly  prepared 
it  contains  about  40  per  cent  of  available  chlorine.  Analyses  of  several 
samples  of  bleaching  powder  purchased  in  the  Manila,  market  have  shown 
a  strength  of  less  than  30  per  cent  in  every  instance.  In  view  of  this  loss 
which  bleaching  powder  undergoes  during  long  periods  of  transit,  it  is 
questionable  whether  it  would  not  be  more  economical  to  import  the 
liquid  chlorine  and  manufacture  bleaching  powder  here  as  needed. 

The  older  method  of  gas  bleaching,  malting  use  of  chlorine  in  the 
gaseous  form,  was  displaced  by  the  use  of  chlorine  in  combination  with 
lime  because  of  the  simplicity  and  ease  of  control  of  the  operation  with 
the  latter,  hut  with  bleaching  powder  at  $1,35  per  hundredweight  and 
because  of  its  arrival  in  Manila  at  a  point  nearer  20  than  30  per  cent  in 
strength,  it  could  not  compete  with  liquid  chlorine  at  its  present  market 
quotations. 

About  one-half  of  the  world's  output  of  bleaching  powder  is  prepared 
from  chlorine  made  by  electrolyzing  crude  salt.  Crude  salt  from  sea- 
water  evaporation  is  both  cheap  and  plentiful. 

MiNEBAL  FiLLBHS. — Nearly  all  kinds  of  paper  contain  varying  amounts 
of  some  form  of  mineral  matter.  These  are  added  to  the  pulp  in  the 
beating  engines  for  the  purpose  of  increasing  the  weight,  filling  up  the 
pores  and  imparting  a  better  feel  and  appearance  te  the  finished  sheet. 
The  substances  best  suited  for  these  purposes  are  certain  grades  of 
clay,  sulphate  of  calcium,  talc,  gypsum,  barytes,  etc.  They  should  be 
of  light  specific  gravity,  free  from  grit  and  should  be  white,  showing  a 
low  content  of  iron  and  organic  impurities. 

The  Mining  Division  of  the  Bureau  of  Science  submits  the  following 
data  concerning  the  local  supply  of  crude  chemicals,  their  cost  and 
availability : 

Limestone. — ^The  sources  of  supply  of  burned  lime  for  Manila  are 
(a)  the  limestone  quarries  near  Binangonan  on  Laguna  de  Bay  in 
Rizal  Province  and  (b)  a  coral  limestone  from  marine  shells  burned 
near  Malabon  on  Manila  Bay. 

(a)  The  quarries  at  Binangonan  have  a  present  annual  output  of 
about  600  tons,  mostly  of  water-slaked  lime  which  is  sold  in  Manila  for 
making  mprtar.  This  lime  can  he  obtained  fresh  burned  when  it  is 
needed,  as  is  the  general  custom  throughout  the  Archipelago.  The 
product  is  a  very  fat  lime,  which  swells  when  it  is  slaked  to  about  three 
times  ita  original  volume.  The  lime  is  valued  at  Binangonan  in  propor- 
tion to  its  content  of  calcium  oxide.     The  present  prices  are  as  follows : 

Quick  lime,  per  oavaii  (about  80  pounds) ?1.35 

Slaked  liirie,  per  cavan   (about  80  pounds) 45 


The  transportation  charges  from  Binangonan  to  Manila  are  ?0.15  per 
avan,  which  make  the  prices  in  Manila  ¥^1.50  and  P0.60  per  cavan  for 
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the  quick  and  slaked  lime,  respectively.  As  tliere  is  a  profit  in  this  of 
about  fro. 60  per  eavan  for  quick  lime  and  fr0.17  for  slaked  lime,  it  will 
be  seen  that  if  the  consumer  were  to  burn  his  own  lime,  under  present 
conditions  it  would  cost  about  ro.90  per  cavan  of  80  pounds  in  Manila. 
This  is  one  cent  Philippine  currency  or  one-haJf  cent  United  States 
currency  per  pound.  This  rate  is  excessive,  hut  it  is  obtained  under 
conditions  of  manufacture  and  transportation  which  are  of  the  crudest 
description.  W  ith  a  modern  plant,  running  under  favorable  conditions 
as  regards  quarrying,  fuel  and  labor,  I  can  see  no  reason  why  quick  lime 
should  cost  more  that  one-half  of  this  figure. 

(6)  At  Malabon  about  600  tons  of  slaked  lime  are  also  produced 
annually.  This,  like  other  lime  obtained  along  the  shores  of  marine 
waters,  is  derived  from  coral.  It  is  produced  at  Malabon  for  M.35  per 
cavan,  and  it  costs  frO.38  per  cavan  in  Manila.  The  greater  part  of  it 
is  used  for  mortar  and  whitewash.  Other  points  near  Manila  where 
lime  is  being  burned  are  Malolos,  Angat  and  Baliuag  in  Bulacan  Province 
and  at  Sexmodn  and  Guagua  in  Pampanga.  In  general,  a  limestone 
belt  extends  from  Binangonan  in  Rizal  Province  north  through  Bulacan 
and  into  the  Province  of  Nueva  Ecija.  The  Cabanatuan  branch  of 
the  Manila  and  Dagupan  Railroad  runs  nearly  parallel  to  it  and 
through  the  towns  where  quarries  are  at  present  situated  and  it  is  firmly 
believed  that  a  practically  unlimited  supply  of  good  lime  will  readily 
be  available  for  economic  use  when  the  occasion  demands.  Other  local- 
ities upon  which  definite  information  is  at  hand  concerning  the  extent 
of  the  deposits  of  limestone  and  their  accessibility  include  the  islands 
of  Batan,  Eomblon,  Cebu  and  Panay.  The  limestone  deposits  of  Batan 
Island  are  particularly  of  interest  from  the  standpoint  of  their  use  in 
the  manufacture  of  paper,  because  of  their  proximity  to  the  coal  fields 
and  also  because  of  their  location  with  respect  to  the  most  promising 
available  supplies  of  raw  material,  namely  the  Manila  hemp  growing 
districts. 

An  exceptionally  pure  limestone  is  found  in  northern  Panay,  out- 
cropping in  large  masses  on  both  banks  of  the  Badbaran  Kiver  between 
Dumarao  and  Maabutang  and  also  about  4  miles  from  the  former  place, 
which  lies  on  the  line  of  the  proposed  railroad  from  Iloilo  to  Capiz. 
Old  lime-kilns  used  by  the  Spaniards  for  burning  this  stone  are  near 
by.  This  limestone  is  cream  colored,  compact  and  semi-crystalline, 
with  a  low  iron  and  silica  content.  A  large  deposit  of  very  pure  lime- 
stone occurs  near  Pilar  on  the  north  coast  of  Panay,  it  ia  very  similar 
in  appearance  to  the  other  Panay  limestone  which  has  just  been  described, 
and  it  should  prove  well  fitted  for  the  manufacture  of  quick  lime.  It  is 
situated  in  the  center  of  a  large  mangrove  forest  from  which  any  quantity 
of  cheap  fuel  could  be  obtained,  and  being'close  to  the  sea  the  problem 
of  transportation  is  minimized. 
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The  following  table  gives  tiie  results  of  analyses  of  some  Philippine 
limestones : 


Table  No.  11. — Analyaes  of  some  Pkilippme  limesloneg  [caiciUated  to  calcined  material). 


^■ 
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*■ 
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8. 

9. 
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11, 

SlU™  (BiO,) 

1.06 

2.19 

0.49 

1.56 
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2.49 
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.84 
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W.BO 

94.24 

98.12 

96.34 

97.41 

94.62 

ye.  88 

97.00 

96.92 

95.91 

97.39 

Magnesia  (MgO). 

1.% 

a.M 

.W 

l.'J7 

.48 

.21 

.72 

1.40 

1.'24 

■ 

11.39 

Note. — Numbers  1  and  2  are  from  Anabang  near  Angst  and  from  Santa  Mar- 
garita Springs  respectively,  botli  in  Bulaean  Province,  Luson;  3  and  4  are  from 
the  quarries  near  Binangonan,  Rizal  Provinee,  Luzon;  5  and  S,  from  Batan 
Island  near  Legaspi,  Alba;  Province,  Luzon;  7  and  S  are  taken  from  near 
Dumarao  and  Pilar,  Capiz  Province,  Panay;  8  is  a  coral  limestone  from  Malabon 
on  Manila  Bay;  10,  a  suitable  causlicizing  lime;  11,  a  suitable  liquor -making  lime. 


Kaolin. — While  but  little  prospecting  work  has  been  done  on  the 
clay  deposits  of  the  Philippines,  there  seems  little  doubt  but  that  the 
supplv  which  may  be  obtained  is  so  extensive  that  the  question  of 
importing  this  crude  chemical  will  never  arise.  A  general  inquiry  con- 
cerning Philippine  clay  deposits  for  the  purpose  of  establishing  a  school 
for  pottery  making  has  been  begun  by  the  Bureau  of  Education'  and  a 
systematic  study  of  the  physical  and  chemical  properties  of  various  clays 
for  different  economic  uses  is  under  way  in  this  Bureau  at  the  present 
time.  Below  is  given  the  chemical  composition  of  some  clays  from 
Laguna  Province  and  from  the  Island  of  Eomblon : 

Tablb  No.  12. — Chemic(d  compositum  ofewm  days  from  Laguna  Province  and  from  Ike 
Island  of  fiffmWoii. 


1.28 

2. 
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B. 

c. 
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Moisture,  loasatlOO-'-llO-- 

85.48 
Trace. 
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1.60 
12.  S6 
44.80 
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37.59 
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2.66 

36.54 
1,04 

0.68 
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Ferric  oiide  (Fe.0,) 

Alkalis  (Na,0.  KiO) 

1.69 

.98 

.,», 

Note. — Numbers  1,  2,  3,  and  4  ar 
clays  for  paper  makers ;  A,  B,  and  C 
D  is  from  Romblon. 


taken  from  Griffin  and  Little,"  as  suitable 
ire  Pliilippine  clays  from  Laguna  Province; 


"('hem.  Paper  Making:    (1S94)   31fi. 
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Agalite,  or  ground  talc,  as  it  is  commonly  termed,  has  come  into 
extensive  use  as  a  mineral  filler  in  paper  manufacture.  Like  asbestos, 
it  has  a  distinct  fibrous  structure  which  causes  it  to  blend  well  with  the 
vegetable  fiber  of  the  pulp  and  thus  to  be  retained  without  the  consid- 
erable loss  incidental  to  the  use  of  china  clay  or  sulphate  of  lime  for 
this  purpose.  The  more  valuable  tale  for  paper  loading  consists  of 
altered  tremolite,  the  fibrous  structure  of  which  is  largely  retained. 
According  to  the  statistics  of  the  New  York  State  Geological  Survey 
for  1905,  there  were  produced  C7,000  short  tons  of  fibrous  talc,  valued 
at  $469,000,  or  an  average  of  $7  per  ton.  Practically  the  entire  output 
finds  its  way  to  the  paper  mills.  Tremolite  from  Ilocos  Norte,  Luzon, 
was  examined  in  the  Division  of  Chemistry,  Bureau  of  Science.  It 
consisted  of  irregular,  foliated  masses  of  a  beautiful  greenish-white  tint. 
Ground  in  a  hall-mill  and  then  passed  through  a  "sieve  of  100  meshes 
it  is  a  greenish- white  impalpable  powder  with  a  very  soapy  feel.  It 
appoars  as  minute,  elongated  crystals  or  fibers  when  seen  under  the 
microscope.  Its  chemical  composition,  compared  with  that  of  a  com- 
mercial talc,  is  as  follows : 


Wawr 
(loBs  on 
Ignition) 

Silica 
(BiOi). 

Alamina 

(AljO,). 

(FejO,), 

Lime 
(CaO)- 

Magnesia 
IMgO). 

Specific 
gravity 

balance). 

llocoa  Norte  altered  tre- 

2.33 

ffl.ti 

Per  call. 

Pacml. 

IS.  88 
a.5S 

24.18 

Percent 
2.81 

The  specimen  which  was  examined,  when  judged  by  its  physical  prop- 
erties, would  be  considered  of  very  good  quality  for  the  purpose  of  the 
paper  manufacturer.  It  is  easily  ground,  is  of  good  color  and  is 
especially  free  from  grit. 

No  definite  figures  with  respect  to  the  extent  of  the  deposit  can  be 
given.  However,  it  has  the  advantage  of  being  situated  near  the  sea 
and  development  work  should  show  large  pockets  of  talc  in  connection 
with  mica. 

Sulphur  and  pyrites.— Although  sulphur  is  found  widely  distributed 
throughout  the  Philippine  Archipelago,  careful  search  has  failed  to 
locate  any  deposits  of  commercial  importance.  The  most  favorable  out- 
look for  native  sulphur  is  from  near  Barauen  in  Leyte  and  from  the 
Island  of  Biliran,  which,  on  superficial  examination,  show  3,000  and 
400  tons  of  sulphur  in  sight,  respectively,  but  both  these  deposits  arc 
too  small  to  warrant  the  necessary  cost  of  extraction  and  transportation. 

Pyrites. — The  only  deposit  of  this  mineral  of  any  extent  and  so  far 
reliably  reported,  is  in  Lepanto  Province,  and  here  again  the  question  * 
of  transportation,  for  the  present  at  least,  throws  it  out  of  reckoning  as 
a  commercial  possibility. 
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Japanese  svlphtar. — The  nearest  and  no  doubt  cheapest  source  of  a 
supply  of  sulphur  for  industrial  use  in  the  Philippines,  is  Japan.  The 
output  of  the  Japanese  eidphur  mines  for  1904  was  30,000  tons.  About 
three-fourths  of  the  total  product  is  exported,  the  United  States  of 
America  and  Australia  being  the  chief  consumers.  Recent  quotations 
are  $17.50  a  ton  for  the  best  grades  and  $15.50  for  seconds  and  thirds. 
As  the  yield  of  sulphur  from  Japanese  ore  is  probably  the  highest  in 
the  world,  this  cost  will  allow  it  to  be  laid  down  m  Manila  duty  prepaid, 
at  a  price  but  slightly  if  any  m  advance  ot  the  market  quotition^  on 
American  sulphur.  The  fact  that  Japanese  sulphur  enters  the  United 
States  in  competition  with  the  home  pioduet  bears  out  the  above  state- 
ment. Five  samples  of  Japanese  refined  sulphurs  submitted  bj  the 
Mitsui  Bussan  Kaisha  were  found  to  assav  trwm  99  1  to  "^S  83  per  cent  m 
extremes  of  fineness. 


Coal  of  a  fairly  uniform  quality  is  found  widely  distributed  through- 
out the  Islands.  The  largest  known  deposits  are  located  en  the  I'llants 
of  Batan,  Cebu  and  Polillo,  but  it  il  o  occurs  m  greater  or  less  quantities 
in  Negros,  Mindanao,  Samar,  Maebate,  Mindoro,  and  in  the  Provinces 
of  Rizal  and  Nueva  Viecaya  on  I^uzon. 

Recent  work  "  in  this  Bureau  on  the  Philippine  Coals  has  shown  that 
they  are  of  much  better  quality  for  steaming  purposes  than  was  hitherto 
supposed,  and  that  the  poorer  grades  are  very  satisfactory  from  the 
standpoint  of  producer  gas  manufacture.^*  For  more  detailed  accounts 
of  the  distribution  and  fuel  properties  of  Philippine  coals,  see  The  Coal 
Deposits  of  Batan  Island  "  and  The  Coal  Measures  of  the  Philippines.^^' 

Wood!  for  fuel  is  both  cheap  and  abundant  in  many  localities.  The 
principal  source  of  firewood  is  found  in  the  widely  distributed  man- 
grove swamps  of  the  seacoast.  The  mangrove  forests  are  composed  of 
a  number  of  trees  which  produce  dye  and  tan  barks  for  local  use  and  in 
which  there  is  some  trade.  Work  on  Philippine  mangrove  tan  barks  is 
in  progress  in  this  Bureau  and  it  is  believed  that  they  will  compare 
favorably  with  the  similar  species  which  are  handled  commercially  in 
Africa,  Borneo,  Java  and  elsewhere.  An  esploitation  of  mangrove  tan 
bark  will  materially  increase  the  available  supply  of  cheap  fuel  for  lime 
burning  and  other  industrial  purposes. 

Oil  for  fuel.-^The  possibility  of  the  use  of  oil  as  fuel  in  the  Philip- 
pines is  as  yet  uncertain,  although  a  small  quantity  of  oil  is  known 
to  esist  in  Tayabas  Province,  Luzon,  and  gas  has  been  encountered  in 
drilling  artesian  wells  in  Pampanga  Province. 

"Cox,  A.  J.:  This  Journal  (1907)   11,41. 

"Cox,  A.  J.:  Ibid.  (1906)  1,  8T7, 

"Smith,  D.  D. :  Pkil.  Mining  Bureau  Bui.  ilanila  (190.^)  No.  5. 

"  Burrett,  C.  H. :   U.  B.War  Dept.,  Div.  Ins.  Afairs,  Bui.  (1901). 
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PAPEK  MILL  WATER. 


Large  quantities  of  water  are  required  in  the  manufacture  of  pulp  and 
paper,  and  ita  quality  is  of  the  first  importance.  In  no  other  industry 
making  use  of  large  quantities  of  water  in  the  processes  of  manufacture, 
is  the  purity  of  the  water  more  carefully  guarded.  A  soft  wat«r  is  not 
demanded  for  making  the  liquors  used  in  the  boiling  of  stock,  because  it  is 
necessarily  rendered  hard  in  the  operation.  For  washing  the  pulp  and 
for  steam-making  purposes  a  soft  water  is  desirable  and  even  necessary. 
The  importance  of  using  a  very  soft  water  in  the  other  departments  of 
paper  manufacture  is  perhaps  overestimated.  It  is  of  more  concern  that 
the  water  be  clear  and  especially  free  fron»  iron,  sediment  and  organic 
matter.  A  factory  making  use  of  the  waters  of  small  streams  will  be 
troubled  by  turbidity  during  the  rainy  season  of  the  year.  A  better 
source  would  be  in  wells  or  reservoirs  fed  by  pure  water  brought  by 
conduits  from  mountain  streams.  Artesian  wells  furnish  the  greater 
supply  of  water  in  use  here  at  the  present  time  for  boilers  and  industrial 
purposes, 

A  series  of  fifty-two  analyses  of  the  Manila  city  water  supply,  extend- 
ing over  a  period  of  seven  months  and  representing  portions  of  both  the 
dry  and  rainy  seasons  gave  the  following  extremes  in  parts  per  million :°' 

Hailmum     Mtnimurn. 

Total  residue  220  153 

Fixed  residue  190  127 

Volatile  matter  „                                                     46  16 

Oxygen  oonHUmed  „               2  20  .65 

Chlorine  4  40  2.13 

Hardneas  109  5S.8 

Remarks — The  above  anahses  '  were  made  on  unfiltered  water  and 
they  show  a  high  degree  of  purity  The  ox\gen  consuming  power, 
equivalent  to  bleach  consuming  powtr  !'•  remarkably  low.  The  source 
of  this  supply  is  the  Mariquina  River  which  empties  into  the  Pasig  River 
between  Manila  Bay  and  Lake  Laguna. 

The  mineral  constituents  of  a  water  affect  its  value  for  paper  or  pulp 
manufacture  mainly  as  they  bear  upon  its  suitability  for  boiler  purposes. 
Philippine  ground  and  surface  waters  as  a  class  are  considered  to  be 
moderately  hard. 

While  none  of  the  boiler  waters  which  were  examined  contain  sulphate 
of  calcium,  some  of  them  have  a  high  silica  content  which  forms  a  • 
troublesome  scale. 

A  table  of  analyses  of  boiler  waters  collected  from  various  provinces 
and  islands  of  the  Archipelago  is  given  on  page  106. 

"  Parts' per  m ii Ion X  0.058 =grainB  per  United  States  gallon. 

"  Bliaa,  C.  L.;  Publications  of  the  Bureau  of  Qovemmient  LaboratOTieg   (1904) 
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WATER  POWEK. 


Abundance  of  water  power  in  the  past  has  been  a  more  important 
factor  in  determining  the  location  of  paper  mills  than  the  nearness  to 
the  source  of  raw  materials  or  to  the  market.  At  the  present  time  this 
applies  more  particularly  to  plants  producing  mechanical  or  ground  wood 
pulp.  Steam  is  necessary  for  the  manufacture  of  chemical  pulp  as  it  is 
used  for  heating  th«  digesters  and  it  also  furnishes  a  much  more  efficient 
and  easily  controlled  power  for  running  pa.j)er  mill  machinery.  There 
is  an  abundance  of  water  power  in  the  Philippines,  but  the  cost  of 
installing  plants  and  their  location  with  respect  to  the 
centers  precludes  its  utilization  at  the  present  time. 


The  market  in  the,  Philippines. — The  firht  consideration  of  the  new 
industry  would  manifestSy  be  to  supply  the  home  market  with  those 
grades  of  paper  for  which  the  raw  materials  are  best  suited  Tlie  annual 
imports  of  paper  of  all  kinds  into  the  Philippine  Islands  approximates 
$1,000,000  in  value  and  the  demand  for  newspapers,  magazines  and 
books  is  multiplying  yearly.  This  increased  demand  is  but  the  natural 
result  of  the  growth  of  the  public  school  lysteni  throughout  the  Islands, 
which  creates  a  greater  drairc  for  the  knowledge  of  Western  countries. 
The  main  items  of  the  total  importation  are  pulp,  writing,  printing  and 
wrapping  papers,  all  of  which  could  largely  be  produced  from  native  raw 
materials.  The  local  supply  of  cotton  and  linen  rags  could  be  drawn  upon 
for  the  finer  grades  of  writing  and  note  paper.  No  other  city  of  its  size 
in  the  world  is  so  large  a  consumer  of  cotton  and  linen  textiles  as  Manila. 
For  the  greater  part,  these  are  bleached  and  unadulterated  with  woolen 
fiber,  so  that  the  very  best  grade  of  paper  rags  could  no  doubt  be  collected 
here  in  considerable  quantities. 

The  foreign  market. — Japan  is  a  large  importer  of  paper,  approx- 
imately $3,750,000  in  value  having  been  brought  into  that  country  in 
1905.  Japanese  paper  is  principally  made  from  rice  straw  and  from  the 
bark  of  the  mulberry,  but  the  demand  for  wood  pulp  has  increased  so 
greatly  in  the  last  four  or  five  years  that  the  Japanese  Government  has 
begun  a  systematic  study  of  the  suitability  of  Japanese  timber  for  the 
purpose  of  manufacturing  this  article. 

In  China,  the  trade  in  paper  has  also  attained  considerable  dimensions, 
statistics  for  1905  sho.wing  importations  approximating  $2,000,000  in 
value.  Foreign  capital  has  recently  entered  the  field  for  the  purpose  of 
manufacturing  paper  from  bamboo,  rice  straw,  ete.,  so  as  to  meet  the 
rapidly  growing  trade.  The  nearness  of  both  the  Chinese  and  Japanese 
markets  should  enable  Philippine  manufacturers  to  obtain  at  least  a 
share  of  the  trade  in  this  commodity. 
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FUHTHEH  OBSERVATIONS  ON  THE  DISTRIBUTION  AND  AVAILABILITY  OF  THE 
RAW  SfATERIALS  WHICH  WERE  DISCUSSED  IN  THE  ENTIRE  SERIES  OF 
ARTICLI8  ON  THIS  SUBJECT. 


A  considerable  quantity  of  Manila  hemp  waste  has  been  esporteiJ  from 
tlie  Islands  since  mj  work  on  the  suitability  of  this  material  for  paper 
making  was  published ;  thus  the  problems  incident  to  its  collection,  cur- 
ing, sortlDg,  baling  and  transportation  are  being  solved  by  the  com- 
mercial interests  involved.  It  remains  to  be  seen  whether  the  eost£  of 
baling  and  transporting  large  quantities  of  waste  from  the  abacA  grow- 
ing districts  to  Manila  and  thence  to  New  York  or  London  will  allow  of 
this  material  being  economically  exported.  Fundamentally,  it  is  contrary 
to  commercial  practice  to  attempt  to  export  such  a  cheap  and  bulky 
commodity  for  long  distances,  particularly  when  only  about  40  per  cent 
of  a  given  weight  is  of  any  value  for  the  purpose  for  which  it  is  intended. 
It  is  self-evident  that  if  this  raw  material  were  pulped  on  or  near  the 
place  where  it  is  produced,  the  reduction  in  the  cost  of  baling  and 
shipping  would  allow  a  more  attractive  price  to  be  paid  for  the  material 
itself,  and  better  methods  of  curing  and  sorting  could  be  inaugurated. 

In  my  opinion  the  reduction  in  cost  of  freight  and  handling  incident 
to  placing  abaca  waste  half-stuff  on  a  foreign  market,  thus  allowing  a 
greater  outlay  in  properly  preparing  the  waste  for  the  digestion  process, 
is  certain  to  bring  better  results  if  the  quality  of  the  resulting  product 
alone  is  considered,  than  would  the  exportation  of  the  raw  product.  To 
pulp  the  waste  here  for  subsequent  exportation  would  effect  a  reduction 
of  50  per  cent  in  freights  alone.  The  initial  co^t  and  daily  running 
expenses  of  an  hydraulic  baling  press  would  nearly  offset  the  cost  of 
equipment  for  a  pulp  mill  of  10  tons  daily  capacity. 


Distribution.- — ^The  following  data  with  reference  to  cogon  grass  are 
taken  from  a  report  of  observations  on  paper  materials  in  Tarlac  made  by 
myself  while  traveling  over  that  province  in  December,  1906,  Cogon 
of  good  quality  is  found  between  Capas  and  Concepcion,  Tariac  Province, 
Luzon;  the  country  is  level,  consisting  for  the  most  part  of  deserted  rice 
and  sugar  lands  which  contain  some  scattering  scrub  timber.  A  good 
road  of  7  miles,  with  but  one  ford,  connects  the  two  places.  The  two 
grasses,  cogon  and  talShib,  are  almost  invariably  found  together,  the 
predominance  of  one  over  the  other  depending  upon  the  altitude,  the 
talahib  being  more  plentiful  in  low  places.  At  this  season  of  the  year 
taUhib   has  flowered   and    is    rapidly   drying   and   becoming  worthless. 

''See  Richmonil,  Geo.  F.:  This  Journal  (10OS),  1,  for  t 
and  talfihib  fts  materiaia  for  paper  makitig. 
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Cogon  being  partially  protected  from  the  sun  by  the  taller  taUhib  U 
more  green  and  thrifty. 

From  Capas  to  O'Donnell  the  road  runs  10  miles  to  the  west,  slightly 
up  grade  but  fairly  level;  the  region  is  entirely  uncultivated;  it  ia  too 
high  for  rice  and  too  poor  for  sugar;  much  grass  grows  everywhere,  but 
it  is  of  an  inferior  grade,  due  to  lateness  of  the  season. 

There  is  a  good  buil-cart  road  for  about  7  miles  east  from  the  town  of 
Tarlac  in  the  direction  of  La  Paz ;  the  country  is  level,  the  first  3  miles 
being  under  cultivation  in  rice;  a  mile  of  quite  dense  woodland  occurs 
and  then  3  miles  of  uncultivated  country  follows,  covered  with  a  good 
quality  of  grass.  The  country  is  more  roiling  and  hilly  from  Tarlac  west- 
ward in  the  direction  of  Moriones,  with  grass  everywhere,  pure  in  the 
valleys  but  contaminated  with  buffalo  grass  on  the  hills.  The  natives 
informed  me  that  cogon,  called  ilih  in  Pampanga,  is  not  eaten  by  horses 
and  cattle,  but  that  they  do  forage  on  the  young  shoots  of  talAhib. 

Practically  all  the  houses  in  Tarlac  Province,  with  the  exception  of 
those  in  the  towns  on  the  railroad,  are  constructed  of  cogon.  Tal4hih  is 
scarcely  ever  used  for  this  purpose,  but  the  latt«r  finds  some  employ- 
ment in  the  construction  of  fences  for  yard  and  garden  inclosures.  I 
observed  large  stacks  of  cogon  in  the  various  barrios.  The  natives  know 
when  and  how  to  harvest  this  grass,  having  learned  this  because  nipa  is 
too  expensive  for  general  use  as  a  roofing  material  in  all  localities  distant 
from  the  tide  water.  Too  much  stress  can  not  ho  laid  upon  the  fact  that 
the  people  who  must  be  depended  upon  to  supply  the  demand  for  this 
grass  for  any  future  economic  \i.'-p,  are  already  familiar  with  its  habits 
of  growth  and  the  best  methods  of  harvesting  and  curing  it,  and  although 
the  present  employment  of  this  material  for  house  thatching  is  general 
throughout  the  Archipelago,  yet  the  amount  so  usal  amounts  to  but 
a  small  fraction  of  the  quantity  which  could  he  obtained  under  systematic 
methods  of  collection. 

In  my  opinion  it  is  absolutely  out  of  the  question  to  cut  the  grass  by 
machinery  in  Tarlac  Province  and  it  is  not  advisable  to  bale  it  where  it 
grows.  If  cut  with  sickles  or  short  grass  scythes  and  tied  into  bundles 
of  about  20  pounds  each,  it  is  easily  handled.  One  day  in  the  sun  is 
sufficient  to  cure  the  grass,  then  it  may  be  loaded  on  carts  and  hauled  to 
the  railroad  station.  One  native  draft  animal  will  haul  500  to  750 
kilos  {1,100  to  1,(550  pounds)  of  rice  and  this  weight  of  grass  bundles 
is  not  too  bulky  for  the  carts  now  in  use,  if  they  are  supplied  with  some 
kind  of  a  bamboo  rack.  I  have  frequently  seen  ton  lots  of  clean  grass 
tied  in  many  neat  bundles  SO  to  30  centimeters  {8  to  13  inches)  in 
diameter  stored  under  roofs  for  future  use. 

The  effect  of  decreased  hulk  upon  freight  rates  up  or  down  the  road  to 
the  factory  site  would  determine  whether  straw  presses  should  be  located 
at  points  on  the  railroad.     I  believe  that  it  would  be  perfectly  feasible  to 
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collect  this  grass  in  car  lots  at  several  places  along  the  main  and  branch 
lines  of  the  Manila  and  Pagu])an  Itailway;  for  instance  at  Capas  and 
Tarlac  the  surrounding  grass  lands  are  tapped  for  from  5  to  10  miles  each 
in  two  directions  by  fair  roads  at  the  season  of  the  year  when  the  grass 
is  at  its  best,  and  before  it  is  dry  enough  to  be  fired.  One  plan  would 
be  to  erect  haniboo  framed  storehouses  with  iron  roofs  near  tho  freight 
tracks  at  these  stations,  for  the  storage  of  the  grass  as  it  is  hauled  in 
from  the  surrounding  country. 

Cogon  grass  is  abundant  and  of  good  quality  in  the  Visayan  Islands. 
Thousands  of  acres  of  rolling  lands  are  covered  with  even  stands  of  tall, 
thrifty,  cogon  grass  in  Masbate  and  on  the  Island  of  Burias.  Here  the 
lay  of  the  land  is  such  that  heavy  draft  mowing  machinery  could  be  used 


A  practical  phase  of  the  utilization  of  Philippine  perennial  grasses 
would  be  in  the  material  benefit  to  the  forests,  as  the  protection  and 
cutting  of  the  grass  areas  would  greatly  decrease  the  annua!  loss  of 
forests  by  fire. 

Cogon  grass  is  not  jointed  like  the  cereal  straws,  which  constitutes  a 
great  advantage  in  its  use  for  paper  pulp ;  its  yield  is  5  to  10  per  cent 
higher  than  that  of  the  latter,  it  is  more  easily  pulped  with  the  use  of  a 
less  proportion  of  caustic  soda.  Another  advantage  is  that  in  general, 
plants  which  are  designed  for  fiber  production  should  be  harvested  before 
the  stems  are  fully  mature;  this  is  impossible  when  the  plant  is  grown 
for  production  of  grain,  as  is  the  case  where  straw,  hemp,  flax,  etc.,  are 
utilized. 

I  have  been  asked  what  price  could  be  offered  for  .cogon  grass  as  a  paper 
material.  This  is  very  difficult  even  to  approximate.  It  depends  largely 
upon  whether  the  grass  were  to  be  pulped  and  manufactured  into  paper 
for  local  consumption,  or  simply  pulped  for  exportation,  in  which  latter 
event  it  would  have  to  enter  in  competition  with  chemical  wood  pulp. 
The  average  price  paid  for  American  pulp  wood  in  1905  was  ^11.10  per 
cord  ($5.55  United  States  currency).  A  cord  of  pulp  wood  and  1,000 
kilos  (1  metric  ton)  of  grass  will  produce  approximately  the  same  amount 
of  unbleached  pulp,  namely  1,000  pounds;  but  the  grass  is  easier  handled, 
is  fit  for  immediate  immersion  in  the  digesting  vats,  and  it  can  be 
pulped  by  the  same  process  of  treatment,  with  one-half  the  expense  in 
time  and  cost  of  chemicals.  Furthermore,  grass  pulp  will  bleach  to  a 
good  white  with  6  to  13  per  cent  of  bleaching  powder,  whereas  wood  pulp 
requires  13  to  35  per  cent. 

T  would  estimate  that  a  paper  pulp  mill,  if  assured  of  a  continuous 
supply  of  a  sufficient  quantity  of  clean  grass,  could  pay  approximately 
1  peso  (50  cents  United  States  currency)  per  picul  {1S7^  pounds)  of 
clean,  dry  grass  laid  down  at  railway  or  waterway  transportation.  This 
is  slightly  in  advance  of  the  average  price  of  American  pulp  wood. 
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INITIAL  COST  OF   I'lILl'  AND    PAPBIt  MILLS. 

Because  of  numerous  inquirios  from  local  sources  on  the  probable 
initial  coat  of  puip  and  paper  mills,  it  was  thought  best  here  to  include 
Konie  approximate  estimates  for  the  benefit  of  those  interested.  They 
are  as  accurate  as  the  means  at  our  couiuiand  will  periuit  tlieni  to  Ih',  but 
they  must  not  be  considered  as  being  other  than  rough  approximations. 

I'retimin/iri/  estimate  of  a  IO-Ioh  sulphite  irood  pulp  mill. 

One  dige«>ter   lined  and  flttiniri  poinpletp  *!l  000  00 
T  iquor  maKing  HV^t«in    pumps    reclaimer   lead  piping   giia 

coolers  i!  000  00 

One  steam  boiler  for  digester  cooking  2  700  00 

One  eentufugal  screen  1,360  00 

One  flat  screen  for  taibngs  WO  00 

Wood  preparing;  macliinerj  and  knolter  4,275  00 

Stock  chests  and  stock  pumps  1  000  00 

Piping  steam  fittings   shnrtln^  i  fiufl  00 

Fire  and  water  pump>i  H'iO  110 

Miscellaneous            ^  1  BOO  00 


33,775.00 
Plus  15  per  cent  for  erection .5,066.2.') 


3fl,8*1.2S 
Power   required,   200   horsepower,   wliich   if   developed   by 

steam  will  cost  in  addition  to  the  above  amount 5,000.00 

It  must  be  borne  in  mind  that  a  10-ton  plant  requires  nearly  as 
costly  machinery  as  one  much  larger,  and  in  many  other  ways  a  20-toii 
plant  is  to  be  considered  more  economical. 

Preliminary  estimate  of  a  Icn-lon  soda  wood  pulp  mill. 

.-  ?4,000.00 


Liquor   making   system,   pumps,   evaporators,  causticizin); 

tanks,  calcining  fumaee,  etc. „ 5,000.00 

AH  other  items  approximately  the  same  as  above  estimate 

for  sulphite  mill  15,775.00 


29,491.25 

ower  required,  200  horsepower; 

if  this 

is  developed  by 

This  estimate  would  be  reduced  still  further  by  auhstitutiug  winnowing 
or  glass-cleaning  machinery  for  the  expensive  items  of  wood-preparing 
machinery,  knotter,  etc.,  for  a  mill  manufacturing  soda  pulp  from 
perennial  grasses. 
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There  sliould  ha  added  fo  the  al)oye  pulp  mill  estimates  for  a  complete 
plant  for  paper  making : 

One  Foiirdrinier  machine  complete $50,000.00 

Building,  capital,  etc., 50,000.00 

Miscellaneous  paper  making  machinery,  not  included 
in  pulp  mill  equipment,  including  refining  engines, 
cutters,  calenders,  dryers,  molds,  presses,  etc 20,000.00 


The  following  is  a  summary: 

A  10-ton  sulphite  wood  pulp  and  paper  plant  complete....  .$163,841.2.5 

A  10-ton  soda  wood  pulp  and  paper  plant  complete 153,491.25 

A  10-ton  soda  pulp  anil  paper  plant  for  manufacture  of 

grass,  striiw  and  bamboo  paper 140,000.00 


Although  the  process  of  paper  making  is  distinctly  technical,  yet  it 
can  not  be  said  that  the  industry  as  a  whole  is  operated  on  a  strictly 
scientific  basis.  The  estahlishments  which  employ  trained  chemists,  men 
thoroughly  grounded  in  the  fundamental  principles  of  the  science  and 
able  to  handle  new  problems,  are  comparatively  few  in  number.  A  man 
capable  of  assaying  bleach  liquor  or  other  chemicals  used,  is  all  that  is 
required  at  the  present  time.  However,  I  firmly  believe  that  in  a  com- 
paratively short  time  the  lines  of  competition  in  this  industry  will  be  so 
closely  drawn  that  the  services  of  a  chemical  technologist  will  be  neces- 
sary. The  capacity  of  the  average  analyst  employed  in  paper  mills  to 
handle  technical  problems  is  limited  to  work  of  a  routine  nature, 
although  this  is  not  always  what  is  expected  of  him  at  times  when 
unfoTseen  difficulties  arise.  The  most  abstruse  investigation  may  become 
the  source  of  important  practical  progress. 

We  .have  prepared  in  this  laboratory  pulp  boards  and  handlaid 
bleached  and  unbleached  paper  from  the  various  raw  materials,  treated 
by  both  chemical  processes,  and  samples  are  on  hand  for  distribution 
to  those  who  may  be  interested. 
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THE  CRATER  LAKES  OF  TAAL  VOLCANO. 


By  ItAYMONH  Fose  Bacon. 
11  the  Ckemical  Laboratory,  Bureau  of  Scicnot,  Manila,  P.  I.) 


About  a  year  ago  I  published  the  results  of  analyses  made  on  the 
nature  of  the  interesting  lakes  in  the  crater  of  Taal  volcano.'  The  water 
examined  at  that  time  was  brought  to  the  laboratory  in  January,  lOOfi. 
Another  expedition  from  this ,  laboratory  visited  the  volcano  early  in 
March,  1907,  and  it  is  the  purpose  of  this  paper  to  record  the  data  then 
collected.  During  the  intervening  period  no  marked  eruptions  of  the 
volcano  had  occurred,  but  it  was  nevertheless  found  that  quite  evident 
changes  had  taken  place  in  the  crater  area;  these  are  shown  by  a 
comparison  of  the  photographs  taken  two  years  ago,  one  year  ago  and 
recently.  (See  Pis.  II  to  VI.)  The  yellow  lake,  which  existed  in 
lOOC  and  of  the  water  of  which  an  analysis  was  given  in  the  former 
communication,  has  entirely  disappeared ;  even  the  lake  bottom  had  been 
completely  filled  up  so  that  there  now  is  nothing  to  indicate  that  such 
a  lake  ever  existed.  Other  places  where  small,  red  and  green  lakes  were 
seen  hy  the  previous  expedition,  were  also  dry,  although  in  most  eases 
the  lake  beds  were  still  sharply  defined,  the  former  bottom  was  covered 
with  a  thin,  red  or  yellow  crust  which  would  not  support  a  man,  the 
stratum  underneath  being  a  soft,  wet  mud.  The  green  lake  has  dimin- 
ished in  area,  so  that  now  access  is  possible  to  the  two  fumaroles  at  its 
south  end;  these  are  each  about  10  meters  in  diameter  at  the  surface, 
sloping  conieally  to  an  opening  into  the  earth  of  about  0.5  meter.  From 
one  of  these  blowholes  a  very  large  amount  of  steam  not  under  great 
pressure  is  continually  rising;  from  the  other,  much  hot  gas  containing 
a  large  quantity  of  sulphur  dioxide  is  issuing  under  considerable  pressure 
and  with  a  deafening,  roaring  noise.  (See  PI.  VI,  fig.  3.)  The  two 
vents,  which  are  not  more  than  15  meters  apart,  are  evidently  independent 
and  not  connected  at  any  place  near  the  surface. 

To  the  southeast  of  the  green  lake,  a  basin  is  found  in  the  present 
active  crater,  surrounded  on  three  sides  by  high,  perpendicular,  rock 
walls,  the  least  distance  to  the  surface  of  the  water  being  about  30 
meters.     The  water  of  this  lake  is  in  constant,  violent  ebullition  and 

'  This  Journal  I,  433. 
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great  masses  of  steam  and  sulphur  dioxide  are  continually  rising  from 
its  surface,  so  that  it  is  only  possible  to  see  it  when  a  favorable  wind 
blows  the  steam  to  one  side;  the  water  is  covered  with  a  greenish  scum 
which  is  continually  broken  by  the  bubbles  of  steam  and  gas  rising 
through  it.  The  walls  surrounding  this,  crater  lake  are  covered  with  an 
efflorescent  deposit  which  is  white,  red,  yellow,  blue,  and  green  in  color 
and  wliich  is  most  probably  not  due  to  salts  sublimed  or  distilled  up  on 
the  rock  walls  from  the  boiling,  a«id  lake  below,  it  being  formed  by  the 
action  of  the  hot  acid  vapors  on  the  lavas  constituting  the  walls.  That 
this  is  the  case  is  shown  by  the  fact  that  the  colors  of  this  deposit  are 
stratified  in  a  manner  corresponding  to  the  layers  of  lava.  (See  PI.  IV, 
fig.  2.)  Sublimation  would  not  in  all  probability  have  given  such  a 
ftratification  This  efflorescence  consists  of  iron,  aluminium  and  mag- 
nesium sulphates  and  chlorides  and  ]\iBt  as  is  the  case  with  the  water, 
aluminium  is  the  predominant  metal,  iron  coming  next,  and  magnesium 
being  present  m  moderate  amount  In  many  specimens  of  this  efflores- 
Lcnce  the  acid  radicals  haie  been  lost,  so  that  the  residue  is  largely 
changed  to  hematites  and  dajs  Oebheke^  in  discussing  the  rocks  from 
Taal  "peaks  of  the  large  number  of  feldspars  and  other  aluminous  rocks 
which  he  found  m  the  neighborhood  of  the  volcano,  and  gives  the 
toUowmg  analjisis  of  the  massive  rock  from  Taal  volcano: 

Analysis  of  massive  rock  from  Tiuil  volcano  according  to  Oebbeke. 


Al,0,  .. 

FeA  - 
FeO  ... 
MnO  ,-, 
CaO  ... 
MgO.-, 
Na,0  , 
K,0   ... 

H=0 

TiO,   ... 


100.93 
Mr.  W.  D.  Smith  of  the  Division  of  Mines  of  this  Bureau  tells  me 
that  he  has  examined  rocks  from  Taal  volcano  and  its  immediate  neighbor- 
hood, which  contained  large  amounts  of  many  classes  of  feldspars.  These 
facts  are  mentioned  as  suggesting  the  source  of  the  great  quantity  of 
aluminium  salts  and  of  alumina  noted  in  the  waters  and  in  the  effcr- 


Prom  a  chemical  point  of  view  the  striking  aspect  of  the  volcano 
consists  in  the  large  amount  of  salts  of  iron  which  are  visible  on  all 
sides;  the  rocks  being  to  a  great  extent  colored  to  a  red  or  yellow  owing 

■Beitr.  z.  Petrographie  der  Philippinen  u.  der  Palau-Insein,  Stutt.   (1S8I),  27. 
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to  the  deposition  of  eoinponeiits  of  iron  salts  showing  such  coloration; 
the  deposits  are  to  be  found  all  over  the  volcanic  island.  We  were 
unable  to  discover  any  sulphur  in  the  crater  of  the  volcano,  altliough 
very  perfect  gypsum  and  alum  crystals,  colored  to  a  sulphur  yellow 
by  salts  of  iron,  were  everywhere  vigorously  growing  within  the  crater. 
Small  fumaroles  and  fissures  in  the  ground  are  situated  all  over  the 
crater  areas,  even  on  the  highest  points  on  the  walls;  these  emit  steam 
and  hot,  sulphurous  gases.  The  same  claj^s  of  efflorescent  salt  deposit 
as  is  encountered  on  the  walls  surrounding  the  boiling  <Tater  lake  is 
encountered  around  the  openings  of  many  of  these  small  vents.  In 
examining  these  fumaroles  it  was  noted  that  steam  issued  from  some, 
whereas  others  gave  off  hot,  sulphurous  gases.  No  hydrogen  sulphide 
was  detected  in  the  gases  issuing  from  the  various  fumaroles  in  and 
around  the  crater,  and  the  absence  of  any  deposits  of  sulphur  in  the 
crater  would  suggest  that  this  gas  is  never  present,  because,  in  the 
presence  of  the  large  amounts  of  sulphur  dioxide,  hydrogen  sulphide, 
were  it  at  any  time  a  constituent  of  the  volcanic  gases,  would  certainly 
be  decomposed  to  form  sulphur. 

Specimens  of  water  were  collected  as  follows:  (a)  From  the  boiling 
crater  lake  (Water  No.  1)  ;  {b)  from  a  green  pool  immediately  to  the 
north  of  this  boiling  lake  (Water  No.  3) ;  and  (c)  from  the  green  lake 
(Water  No.  3). 

Water  No.  J  is  of  a  light  grayish-green  color;  it  is  quite  full  of  sedi- 
ment, due  to  constant  ebullition;  its  temperature  is  a  little  over  100° 
C. ;  it  is  very  acid  and  possesses  a  strong  odor  of  sulphur  dioxide.  It 
was  much  lighter  in  color  than  are  the  other  waters,  because  sulphur 
dioxide  is  continually  bubbling  through  the  lake  from  which  it  comes, 
thus  keeping  the  iron  salts  in  almost  a  colorless,  ferrous  condition. 

Waier  No.  :S  is  of  a  deep  green  color.  It  was  collected  from  one  of  a 
series  of  remarkable  and  formerly  inaccessible  pools  which  are  found  in 
what  at  first  sight  appears  to  be  a  filled-in  extension  of  the  boiling  crater 
lake.  What  seems  to  be  the  northern  beach  of  this  lake  consists  of  a 
crust  of  various  colored  iron  and  aluminium  salt«,  in  which  numerous, 
small  pools,  0.5  to  5  meters  in  diameter  are  encountered.  These  pools 
are  of  different  colors — yellow,  blue,  green,  and  deep  red.  Some  arc 
boiling  and  are  continually  sending  out  small  clouds  of  steam,  while 
others  in  the  immediate  neighborhood  are  relatively  cold.  The  one 
which  was  accessible,  and  from  which  the  water  which  I  analyzed  was 
obtained,  is  boiling  hot.  The  crust  between  these  lakes  will  not  support 
'  a  man,  hot  water  is  present  beneath  it.  It  is  remarkable  that  thrae  pools 
should  be  so  difEerent  in  character,  as  is  evidenced  by  their  different 
colors  and  temperatures,  when  they  occur  in  such  close  proximity  to 
each  other,  with  only  apparently  a  thin,  soft  crust  separating  them.  In 
fact,  I  was  surprised  to  find  the  water  of  the  pool  which  I  examined  to 
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differ  from  the  waters  of  the  crater  lake  proper,  as  the  formation  appears 
as  if  it  were  merely  a  part  of  the  crater  lake  which  had  been  filled  in 
with  colored  salts  through  which  the  water  still  reached  the  surface  in 
the  remaining  pools.  This  curious  and  beautiful  formation  is  shown  by 
Plate  V,  fig.  3,  and  Plate  VI,  fig.  3. 

Water  No.  S,  from  the  green  lake,  is  of  a  very  deep,  green  color,  it  has 
a  very  strong,  acid  taste  and,  as  obtained,  it  contained  considerable  sedi- 
ment. However,  farther  from  the  shore  the  water  is  clearer.  The  sedi- 
ment is  largely  clay  and  gjpsum.  All  around  the  edges  of  this  lake 
and  covering  the  bottom  near  the  shore,  is  a  very  abundant  growth  of 
gypsum  crystals;  the  ones  on  the  shores  of  the  lake  being  colored  yellow 
by  iron  salts. 

Qualitative  analyses  demonstrated  that  all  three  waters  contained  the 
same  elements,  ferric  and  ferrous  iron,  aluminium,  magnesium,  calcium, 
strontium,  barium  (spectroscope),  ammonium  (small  amount  only), 
potassium,  sodium,  sulphuric  and  hydrochloric  acids,  and  phosphoric  acid 
(traces).  No  ciesium  or  rubidium  or  other  rare  or  unusual  elements 
could  be  detected  by  spectroscopic  examination.  The  quantitative  ana- 
lyses are  as  follows: 

Table  No.  1. — Quantitative  anatyees  of  vMter  from  tlie  crater  of  Tiinl  volcano, 
(FijtureB  express  grams  per  100  i^ubic  centimeters  of  thv  water.] 


No.  1. 

No.  2. 

No.  3. 

Color                                    Light : 

grayish  green. 

Green, 

Green, 

Sp.  gr.  at  15" 

1.072 

1.081 

1.158 

Acidity 

L33N. 

1.335  N. 

1. 78  N. 

Acidity  calc  as  H,  SO. 

ft.  52% 

6.H% 

8.72% 

Cftic  as  HCl 

4.84^ 

4.87% 

6.49% 

Total  solids  (filtered  water)  by 

heat- 

ing  to  110°  for  six  hours 

s.^ra 

10. 1402 

19.788 

Per  rent. 

Per  cent. 

Percent. 

Chlorine,  01 

4.  7512 

4. 8925 

10. 9312 

Sniphuric  ions,  80". 

3.0H08 

1.  S688 

2.3542 

FerrooB  iron,  Fe 

.  SU8 

.8367 

1. 1960 

Ferric  iron,  Fe 

.0009 

.0843 

.1486 

Total  iron 

.5157 

.9210 

1.344G 

.7622 

.8978 

2.0927 

Calcium,  Oft 

.2813 

.2082 

.1328 

MagneBium,  Mg 

,0318 

.4343 

.  1514 

Sodium,  Na 

.7419 

.7192 

2. 3246 

.0125 

.0048 

.0104 

Loss  on  evaporating  to  tofal  solids 

2. 1171 

.8284 

.8985 

The  "acidity"  of  these  waters,  as  was  that  of  the  waters  analyzed  a  year 


as  an  indicator,  and  lience  it  does  not  represent  the  true  acid  value  o: 
the  extent  of  hydrolysis  of  salts  taking  place  in  these  waters. 
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will  readily  be  seen  if  their  composition  is  only  casually  considered. 
These  lakes  are  largely  solutiona  of  aluminium  and  iron  chlorides  and 
sulphates.  The  determinations  of  the  different  elements  were  made 
directly,  both  in  the  present  analyses  and  in  the  former  ones,  as  it  iB 
evident  that  where  iron  and  aluminium  chlorides  are  present  in  such 
large  quantities,  analyses  of  the  solid  residues  would  not  give  the  true 
composition  of  the  waters ;  it  is  also  evident  that  the  total  solids  obtained 
by  drying  for  six  hours  at  110°  only  approximately  represent  the  quan- 
tities of  salts  originally  present,  for  a  solid  residue  obtained  in  this  way 
can  not  give  true  values,  because  it  is  impossible  to  obtain  constant  weight 
unless  the  dish  is  heated  for  a  sufficient  length  of  time  to  drive  off  most 
of  the  combined  chlorine,  in  which  case  iron  and  aluminium  will  also 
be  lost.^ 

If  one  calculates  the  number  of  anion  and  kation  forming  elements 
from  the  analyses,  some  rather  interesting  and  what  at  first  appear  to 
1)6  rather  surprising  results,  are  obtained.  In  Water  No.  1  the  number 
of  anions  largely  exceeds  that  of  the  kations  and  this  would  be  expected, 
as  sulphur  dioxide  is  continually  bubbling  through  the  boiling  crater 
lake.  In  Waters  Nos.  2  and  3,  as  well  as  in  the  two  which  I  examined 
last  year,  the  number  of  kations  exceeds  the  number  of  aniona,  but  that' 
this  condition  should  exist  and  the  waters  still  be  very  acid,  seems  to 
be  contradictory.  However,  if  the  behavior  of  solutions  of  aluminium 
and  iron  chlorides  ou  evaporation  are  eonsidored,  then  the  behavior  of 
these  waters  at  once  becomes  clear. 

It  is  well-known  that  the  so-called  neutral  salts  of  aluminium  arc 
very  acid,  acting  on  metallic  iron  or  zinc  Just  as  do  dilute  acids ;  the 
salts  of  aluminium  easily  dissolve  alumina  to  form  basic  salts  *  and  from 
such  salts,  aluminium  oxide  and  the  various  hydroxides  are  only  gradimlly 
precipitated,  the  rate  depending  upon  the  concentration  of  acid  present, 
the  temperature  and  other  factors."  The  conclusion  is  therefore  valid 
that  basic  salts  of  aluminium  and  iron  are  present  in  those  waters,  which 
.  are  capable  of  sufficient  hydrolysis  to  give  hyilrogcn  ions.  It  is  hardly 
necessary  to  state  that  all  determinations  have  been  made  in  duplicate. 
The  precipitation  of  alumina  from  such  basic  salts  must  take  place  with 
comparative  slowness,  for  it  was  found  that  the  salts-  in  these  waters 
were  not  yet  in  dynamic  equilibrium.     The  filtered  samples,  analyzed 

'  It  would  be  possible  to  determine  the  real  amounts  of  free  acid  in  these 
waters  by  a  study  of  the  electrical  conductivity  of  these  wafers  as  well  as  of 
their  constituent  salts,  obtaining  the  speed  of  migration  of  the  various  ions 
according  to  the  methods  developed  by  Bredig.  Such  a  determination  could  also 
be  made  by  a  study  of  the  hydrolysis  of  esters  or  of  cane  sugar. 

Such  a  study  would  involve  very  many  factors,  and  would  consume  so  much 
time,  that  for  the  purpose  of  the  present  paper  it  was  not  considered  advisable. 

'Dammer;  Handbucli  der  anorganiachen  Chemje  (1803),  3,  01. 

'Tomasir  Bl.  Soc.  chim.   (Paris)    (1882),   (2)   37,443. 


Hosted  by  Google 


120  RACON. 

a  little  over  a  year  ago,  have  stood  in  the  laboratory  in  tightly  closed 
bottles.  The  temperature  of  Manila  varies  only  a  few  degrees  during 
the  year  and  in  the  laboratory  one  could  safely  state  that  the  variation 
of  temperature  to  which  these  bottled  waters  have  been  subjected  lias 
not  been  over  10"  C.  Nevertheless,  a  large  amount  of  sediment,  which 
waa  found  to  consist  of  aluminium  hydrate  and  a  little  gypsum,  had 
collected  in  each  of  the  containers,  and  3  liters  of  carefully  filtered  Water 
No.  3,  left  standing  for  one  week  in  a  tightly  closed,  glass-stoppered 
bottle,  had  deposited  nearly  1  gram  of  sediment  which  also  consisted  of 
gypsum  and  aluminium  hydrate." 

Very  extensive  deposits  of  a  fine  quality  of  kaolin  are  found  in  the 
immediate  neighborhood  of  Taal  volcano,  near  Los  Baiios  and  between 
Mount  Maquiling  and  Taal  Lake.  It  is  suggested  that  these  were  prob-_ 
ably  deposited  as  a  result  of  the  disintegration  of  feldspars  and  other 
aluminous  minerals  by  hot,  volcanic  waters,  just  as  the  Taal  waters  are 
now  depositing  compounds  of  aluminium. 

The  aluminium,  magnesium,  calcium,  and  iron  in  the  Taal  waters  can 
readily  be  accounted  for  as  a  result  of  the  action  of  acid  waters  on  the 
feldspar  rocks  in  the  immediate  neighborhood  and  the  nature  of  the 
■  efflorescent  deposit*  found  on  rocks  around  the  crater  lake  and  the  various 
fumaroles  makes  such  an  assumption  probable.  It  is  at  first  difficult  to 
imagine  that  the  large  quantity  of  chlonne  could  ha^e  had  its  source  in 
anything  but  common  salt,  but  the  amount  of  hodium  present  in  the 
waters  is  sufficient  to  combine  only  with  approvimately  0  3  to  0.33  of 
the  chlorine,  so  that  if  the  latter  element  realh  originated  from  sodium 
chloride,  much  of  the  sodium  mu'>t  ha\e  been  taken  up  to  displace  other 
elements  in  the  passage  of  the  w  iter  through  the  rocks  Calcium  seems 
the  most  probible  element  to  have  betn  so  displited  as  gypsum  crystals 
are  growing  leij  \]gorousl^  both  m  and  around  the  lakes  and  it  is 
well  known  that  an  alkali  metal,  or  a  metal  ot  the  group  of  alkaline  earths, 
can  readily  be  displaced  h\  another  metal  of  one  of  these  groups  the 
direction  of  the  rea<,tion  depending  upon  the  concentration  of  the  ele 
ments  m  the  surrounding  i\aters  and  taking  place  according  to  the 
general  laws  of  maas  iction^  Rumpler*  was  able  to  displace  cikium 
h}  the  alkali  metaK  on  filtering  sugar  saps  tiirough  various  silicates  and 
he  proved  that  the  reaction  was  one  which  was  readily  reversible   its 

'Tile  extensne  French  depoaita  of  bautite  are  ascribed  bv  Coquard  and  4ngi 
to  ]iot  mineral  springs  and  geyaera  whuli  dii^  ive  i  the  aluraim,  and  brought  it 
to  the  aurface  Hays  ascribes  the  Georgia  ilabaiuft  and  the  Arkansas  dtposito 
to  the  action  of  waters  containing  auiphuric  acid  on  aluminous  shalen  an  I 
feldspars  the  waters  probably  being  neutralized  b\  limestone  after  reaelnng  the 
surface 

'Van  Hi9P  A  Treatise  on  Metamorphism  Monograph  I  S  Oi  I  \u  ci 
(1904)    252 

'Btimpler    Ztaehr   \er  Suben  uol   lid    (1103)      18 
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direction  depending  upon  the  concentration  of  the  alkali  metal  and  metal 
of  the  group  of  alkaline  earths  present  in  the  solution.  Nothing  but 
the  high  chlorine  content  suggests  the  sea  as  a  probable  origin  of  the 
waters  of  the  crater  lakes  of  Taal.  The  volcano  is  quite  near  the  sea,  but 
the  most  eminent  geologists  incline  to  the  view  point  that  volcanic 
waters  do  not  usually  come  from  that  source." 

It  seems  most  improbable,  therefore,  to  judge  from  the  composition  of 
the  waters,  that  they  originate  in  the  sea,  and  it  scenis  almost  (H]ually 
improbable  that  the  chlorine  is  due  to  sodium  chloride  without  making 
unproved  assumptions,  and  consequently  it  is  more  rational  to  assume 
that  these  waters  have  come  from  the  original  magma  of  the  volcanic 
core,  for  ferrous  chloride  occurs  in  meteorites,  for  e\-am]>le  such  as  law- 
rpncite,'"  a  mineral  which  is  easily  docompo.-ied. 

THE   RELATm:   ABUNDANCJ;   OV   TJIK    CirKMtf'AI,   ELEMKNTS. 

Clarke^'  says: 

The  Teaerablanei  hptwepn  iii  teorie  stoiiPS  anJ  lolpniui  lopk'i  n  tiot*wortlii . 
*  "  ■  Tlie  earth  bpluvv  its  emit  mn-v  be  liki  n  Imge  "leteniiio  in  compo-itmn, 
with  the  atom  part  predominnimg 

He  caliulates  an  the  a\erage  ptrantagL  imount  in  the  earths  cru'it 
of  the  principle  elemints  mentioned  here  as  lollows 

Chlorine  0  01 


Potaaaium  2  4(1 

Sulphur  0 1 

Calcium  3  77 

While  the  average  amounts  of  chlorine  and  sulphur  found  in  the  earth's 
crust  are  very  small,  still  it  is  well  known  that  various  elements  are 
often  concentrated  in  limited  areas,  as  in  the  known  cases  of  mineral 
deposits.  Hence  the  fact  that  so  small  a  percentage  of  chlorine  and 
sulphur  are  found  in  the  earth's  crust  as  a  whole  does  not  invalidate  the 
conclusion  that  these  elements  may  have  originated  in  the  volcanic 
magmas  at  this  point. 

Van  Hise  makes  the  following  statement : 

ne  was  contributod  as 
magmas  upon  this  com- 
pound would  produce  hydrochloric  acid;  this  anggenta  a  aouree  of  a  part  of  tlifi 
hydrochloric  acid  of  volcanos. 

■Cliamberlin  and  Salisbury:   Geology  (li!04|   1,572. 
"Van  Hise:  Metamorphism,  978. 
"  Bull  U.  S.  Geo.  Sur.  78,  39. 
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He  further  says,  concerning  the  origin  of  the  various  elements  and 
compounds  found  in  volcanos : 

Tlie  belt  of  weathering  nia>  be  permeated  locallj  nith  hot  gasHOUB  lolutioni 
The  work  of  these  gaseous  solutions  is  of  essentially  the  same  nature  a^  ordinary 
gaseous  solutions  •  *  *  but  the  gaseoux  solutions  adjacent  to  igneous  rocks 
usually  contain  a  greater  quantity  of  the  active  chemical  agents  than  do  ordinar* 
solutions  and  moreover  then  temperature  is  much  higher  than  normal  This 
giies  a  combination  which  results  in  much  more  rapid  alteration  than  the  aierage 
of  the  belt  of  weathering  and  alteration  of  a  different  kind  "  •  *  It  la  to 
be  presumed  that  the  ultimate  source  of  the  various  products  found  in  the  bolt 
of  weathering  is  the  material  of  the  original  magmas  •  •  ■  Chlorine  hydro 
chloric  acid  hjdrofluonc  acid  and  bjdrosulphuiic  aeid  are  undoubtedly  laigely 
formed  bj  the  action  of  hot  wat«r  upon  chloride'*  fluorides  and  sulphidas 
Sulphurous  and  suljiliunc  oxides  are  produced  by  the  action  of  tlie  oyjgen  upon 
the  sulphides 

Van  Hise  mchnes  to  the  view  that  the  volcanic  ft  iter*  as  well  as  the 
sulfetanceb  dissohed  m  them  usually  hue  their  origin  m  the  oiigmal 
magmas  and  lie  calls  particular  attention '  to  the  kaolinization  of 
feldtopar-i  hj  wet  "team  This  possible  origin  of  the  kaolin  beds  niu&t 
be  considered  when  we  wish  to  arrive  at  conclusions  regarding  the 
origin  of  the  extensive  thy  beds  found  m  this  active  volcanic  legion 
These  speculations  m  regard  to  the  origin  of  the  substances  found  in  the 
crater  waters  of  TiaJ  volcino  are  of  interest  but  naturally  they  can  not 
bo  conclusive  until  niui  h  more  extended  mve-tigations,  which  the  Division 
of  Mines  of  this  Bureau  plans  soon  to  take  up,  have  been  completed 
The  very  exceptional  com]iosition  of  thene  waters  is  made  more  evident 
bv  a  search  through  the  published  reports  of  water  analyiea,  for  I  have 
been  unable  to  find  any  waters  which  even  approach  to  them  m  composi 
tion  Many  mine  waters  are  markedly  acid,  but  this  is  usually  due  to 
ferrous  or  other  sulphates,  which  are  ultimately  referable  to  the  decom 
position  of  sulphides  I  have  been  unable  to  find  repoited  analyses  of 
witers  containing  large  amounts  of  aluminium,  iron  and  chlorine 

A  STUDY  OF  THE  RADIO-ACTIVITY  OP  THE  WATERS  OP  TAAl  VOLCANO. 

In  my  first  paper  on  the  Taal  waters  from  the  crater  of  Taal  volcano, 
I  gave  the  results  of  experiments  which  were  all  negative,  to  determine 
whether  these  waters  are  radio-active,  but  as  those  determinations  were 
made  about  one  month  after  the  waters  were  collected  they  eould  not  be 
considered  as  being  conclusive.  I  was  especially  anxious  to  test  these 
waters  for  radio-activity  because  of  the  recent  theories  which  have  been 
developed  by  Rutherford,  Strutt  and  others  in  regard  to  the  influence 
which  the  small  amount  of  radium  found  in  the  earth's  crust  would 
have  on  the  maintenance  of  the  heat  supply,  and  consequently  I  considered 
it  of  importance  to  study  a  hot,  active  volcanic  area  in  regard  to  its 
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radium  content.  Since  the  first  paper  was  published,  Major  Button '" 
has  advocated  a  theory  that  there  is  a  causal  connection  between  radio- 
activity and  voleanos.  A  volcano  is  located  in  a  part  of  the  earth  where, 
for  some  reason,  radium  compounds  are  concentrated,  and  he  believes 
that  the  radium  salts  are  the  ultimate  source  of  the  volcano's  heat 
supply.     His  arguments  in  favor  of  tliis  theory  are  briefly  as  follows : 

1.  The  solidity  of  tlio  earth  does  not  exactly  correspond  with  other  theories. 

2.  The  comparative  sraallneas  of  the  extrovusated  mnaflcs  in  ony  single  eruption 
is  ill  favor  of  liia  view. 

3.  Tlie  repetiti\-e  nature  of  volcanic  eruptions  favors  his  contention.  Why 
does  not  a  volcano  discharge  all  the  material  in  one  titupendous  lielch,  and  then 
cloae  forever! 

4.  There  is  a  growing  mass  of  strong  and  highly  concordant  evidence  showing 
that  the  seat  of  the  reaervoir  is  very  shallow,  it  seldom  being  more  than  three 
miles  in  depth;  the  indications  being  that  moat  of  the  volcanic  eruptions  originate 
at  depths  of  between  one  to  two  ond  one-half  miles.  The  evidence  of  this  fact 
is  furnished  hy  the  earthquakes  which  almost  always  accompany  such  eruptions. 

We  may  now  proceed  to  state  the  probable  cause  of  volcanic  eruptions.  They 
are  caused  I  conceive  by  a  development  of  heat,  resulting  from  radio-activity  in 
limited  tracts  at  a  depth  of  1  to  3— at  the  very  utmost  not  over  4— miles  from 
the  surface,  which  is  sometimes  sufficient  to  melt  the  rocks  affected  by  it.  The 
melting  is  gradual,  and  when  a  sutfieiont  quantity  is  melted,  the  water  which  it 
contains  becomes  explosive  and  usually  suffices  to  break  through  the  covering, 
constituting  an  eruption.  When  all  tlie  lava  is  erupted  and  the  reservoir  is 
exhausted  it  closes  up  for  a  time.  If  the  heat  continues  to  be  generated,  more 
lava  is  melted,  and  in  due  time  another  eruption  occurs.  Tlie  process  may  be 
■  repeated  again.  It  may  be  repeated  hundreds  or  thousands  of  times.  The  volcanic 
action  may  continue  in  the  lame  place  trr  hundreds  of  thousands  or  even  millions 
if  jears   or  it  may  repeat  itself  only  a  few  times  or  maj  even  occur  only  once 

Rauoch  ion  Trauenburg  '  made  some  obser\fltions  on  thi  crater  of  Vesuvius— 
the  gases  from  which  produced  marked  ionization  and  a  prompt  discharge  of 
the  leaies  of  the  electroscope 

Loudebeck  '  has  answered  Maj  ir  Dutton  m  so  far  ai  the  geologic  phases  of 
the  question  are  concerned  He  shuw  that  tie  cmiposition  of  lavas  is  such  as 
to  preclude  tlieir  having  their  origin  at  such  slight  depths  in  the  earth  for 
they  differ  in  chemical  composition  from  the  major  segmentary  TocLa  and  hence 
must  have  originated  below  the  zone  of  sedimentation 

If  a  volcano  i''  such  a  center  of  radio- activity,  a  place  where  radmm 
IS  so  concentrated  m  the  eirths  crust  that  the  rockb  are  melted  by  the 
perpetual  heat  store  then  mitti  aK  colkctid  from  a  \olcanic  crater 
should  be  exceedingly  ictne  Taal,  which  is  an  active  crater,  offers  a 
good  opportunity  to  test  the  theorj  I  have  examined  the  waters  col 
lected  b)  this  expedition  is  well  as  the  lavas  cfflorescince  and  sediments 
The  app^^atus  used  waa  like  that  described  in  the  former  paper,  being 
an  electroscope  in  a  large  chamber  of  the  general  type  of  instrument  use*! 

"Joum.  of  Geol.  (1906),  14,  259. 

"Quoted  by  Dutton,  toe.  oif.  Cnstovina  (Boil.  Aocad.  Oioenia  di  8c.  nat. 
Catania  (1906)  84,  found  rocks  from  Aetna  slightly  radio-active,  the  lavas  the 
least  80,  the  soil  from  the  mountain  slopes  much  more  active. 

•'Joum.  of  Geol.  (lOOG),  14,  747. 
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by  Elst«r  and  Geitel "  and  by  Mache  "  and  other  European  workers  in 
their  investigations  on  the  radio-activity  of  ordinary  materials.  The 
normal  rate  of  movement  (air  leak)  of  the  gold  leaf  of  the  electroscope 
was  forty  divisions  per  hour  and  it  was  fairly  constant  over  the  period  of 
the  investigation.  The  waters  were  examined  according  to  the  methods 
of  Mache,"  air  being  sucked  through  the  water,  the  emanation  being 
drawn  with  it  into  the  jar  containing  the  electroscope.  Waters  Nos.  1 
and  2  showed  no  trare  of  activity.  Water  No.  3  was  slightly  active,  the 
gold  leaf  movemint  being  increased  by  it  to  sixty  divisions  per  hour. 
Barium  sulphate  precipitates,  formed  in  these  waters,  were  all  inactive. 
In  examining  sohds  100  grams  were  generally  placed  in  the  jar  contain- 
ing the  electroscope,  according  to  the  method  used  by  Elster  and  Geit«t  ^" 
m  testing  clays  and  other  materials  Tlie  sediments  of  waters  Nos.  1  and 
3  were  inactive,  that  of  No  3  was  active,  the  rate  of  movement  of  the 
gold  leaf  being  increased  to  two  hundred  dmsions  per  hour;  it  was  five 
times  the  normal  The  emanation  obtained  bj  decomposing  the  sediment 
with  hydrofluoric  and  nitric  acida  and  then  blowing  air  through  this 
active  specimen,  fell  to  half  the  original  \<ilue  in  about  four  days;  this 
phenomenon  carresponds  to  that  exhibited  bj  radium;  the  excited  activity 
also  fell  to  half  value  m  about  thirty  minutes,  which  likewise  points  to 
radium  aa  ita  source  For  comparison  one  gram  of  uranium  oxide 
(black,  Kahlbaum)  was  placed  m  the  apparatus,  the  rate  of  fall  of  the 
gold  leaf  was  then  out,  hundred  pei  minute,  or  six  thounsand  per  hour. 
One  gram  of  pitchblende  from  Joachimthal,  containing  36.1  per  cent 
of  uranium,  ga\e  a  rate  of  twelve  thousand  five  hundred  per  hour,  a 
magnitude  which  i''  about  ii\  times  the  rate  pt-r  unit  for  uranium  from 
the  natural  mineral,  as  compared  with  that  from  tlie  chemical  oxide. 
This  rate  agrees  \ery  well  with  that  found  by  McCoy '"  as  the  ratio 
between  a  natural  (uranium  containing  mineral)  and  a  pure  uranium 
salt 

Boltftood  8  iletermination  of  the  amount  of  radium  per  gram  ot  uranium  in 
any  natural  mineral  is  HXIO"  grams  The  setliinent  which  I  fonnd  to  be  active 
couid  then  contain  onlj  4  'iXlO  gram  of  radium  a  quantity  which  correBponds 
to  4.3X10  "  gram  of  radium  per  gram  ol  sediment 

Strutt  '  made  t«stfl  on  varitus  igneou')  rjcks  from  different  parts  of  the  world 
and  found  them  ali  to  "ihow  radio  activitj  the  mo'rt  active  being  the  more  acid 
granites  and  syenites,  the  least  active,  basalta  and  various  ultra  basic  rocks.  The 
range  in  content  Is  calculated  at  from  1.84X10""  to  25.5X10""  gram  of  radium  per 
cubic  centimeter  of  rock,  or  0.613X10-"  to  9.5X10-"  gram  of  radium  per  gram  of 
rock.  Rutherford  calculated  that  samples  of  soil  examined  by  Elster  and  Geitel 
in  Berlin  contained  10-'*  gram  ot  radium  per  gram  of  soil. 

"Physikal,  Zi.'schT.   (1904)   5,321. 
''  Monatsh.  f.  ohem.  (1905)  26,  595. 

"  Loc.  oil, 

"Ber.  d.  ckem.  Ges.  (1904)   37,  2641. 

"ProG.  Roy.  Sac.  Land.  Sec.  A.  (1900)  77,  472. 
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It  will  be  seen  from  the  above  that  the  sediment  from  water  No.  ;i 
is  only  verv  feebly  radio-active,  for  it  increases  the  natural  air  leak  to 
only  five  times  the  normal  rate.  It  is  not  at  all  uncommon  to  encounter 
clays  and  solids  which  increase  it  from  fifty  to  one  hundred  times,  in 
fact  Elster  and  Geitel "  found  a  comparatively  immense  amount  of 
radium  in  the  so-called  "fango,"  a  fine  mud  from  hot  springs  in  Battaglia, 
northern  Italy.  Natural  carbonic  acid  obtained  at  great  depths  from 
old,  volcanic  soil  was  found  to  be  radio-active  by  these  observers.  The 
famous  medicinal  hot  springs  of  Europe  have  all  been  examined,  and 
most  of  them  have  been  found  to  be  radio-active,  but  Curie  and  Laborde 
and  others  have  examined  hot  springs  which  are  not  radio-active,  so  that 
the  phenomenon  is  not  entirely  a  general  one. 

I  do  not  attach  too  great  importance  to  the  actual  numerical  value 
of  the  radium  content  of  the  sediment  as  it  is  calculated  above,  as  the 
apparatus  used  was  somewhat  crude,  but  the  numbers  given  agree  pvetty 
well  with  those  obtained  by  others  using  a  similar  type  of  apparatus,  but 
certainly  the  amount  of  radium  in  this  sediment  is  extremely  small.  In 
fact  Strutt,  in  examining  various  rocks,  often  found  granites  which  gave 
a  higher  value  than  the  one  found  by  me.  Therefore,  as  so  little  radio- 
activity was  found  in  this  one  specimen,  and  especially  as  no  trace  of  such 
activity  existed  in  the  boiling,  crater  lake,  it  must  be  concluded  that  Taal 
is  a  volcano  which  is  not  located  over  an  area  of  a  concentrated  supply 
of  radium,  and  that  therefore  Button's  theory  will  certainly  not  apply  to 
this  volcano. 

Another  fact  which  argues  very  strongly  against  Dutton's  view  is  the 
following:  Eadium  is  always  associated  with  uranium  or  thorium.  If 
there  were  enough  radium  present  in  a  limited  area  to  melt  the  rocks,  this 
would  also  necessitate  the  presence  of  large  amounts  of  uranium  or 
thorium.  "Volcanic  lavas  and  ejecta  have  repeatedly  been  examined  by 
chemists,  the  analyses  probably  including  thousands  of  specimens,  and  yet 
no  great  quantity  of  uranium  or  thorium  has  been  encountered  in  them. 
If  we  calculate  from  the  known  radium  content  of  pitchblende  it  be- 
comes evident  that  if  the  heat  given  off  by  the  minute  amount  of  radium 
which  is  present  were  to  accumulate  to  a  sufficient  extent  to  melt  the 
rock,  the  latter  would  certainly  need  to  be  insulated  in  a  much  better 
manner  than  we  have  ever  been  able  to  obtain  in  practice,  or  indeed 
better  than  we  have  any  reason  to  believe  is  possible  within  the  earth's 
crust.  Furthermore,  there  is  no  evidence  that  would  lead  us  fn  believe 
that  the  radium  content  of  any  area  could  ever  rise  above  that  associated 
with  a  pure  uranium  mineral,  that  is  a  quantity  which  for  each  gram 
of  uranium  would  represent  8X10"'  gram  of  radium.  The  amount  of 
radium  occuring  in  a  mineral,  per  ton  of  uranium,  is  0.73  gram,  and  it 
has  never  been  found  to  be  more  than  this,  it  being  probable  that  an 

" Phytikal  ZUokr.  {1903)   5,  U. 
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equilibrium  exists  between  raranium  and  radium  with  possibly  actinium 
as  an  intermediate  product.  This  much  radium  would  evolve  about  70 
gram  calories  per  hour,'^  an  amount  of  heat  which  with  perfect  insula- 
tion, would  require  five  hundred  and  forty  days  to  increase  the  tem- 
perature of  one  ton  of  substance  of  specific  heat  1,  by  1°,  but  perfect 
insulation  is  not  conceivable  within  the  earth's  crust. 

The  above  calculation  is  based  on  the  limit  value  of  the  heat  which 
would  be  possible  if  we  were  to  encounter  a  volcano  of  pure  uranium,  and 
which  would  therefore  contain  the  maximum  amount  of  radium  which 
experimental  facts  at  present  show  to  be  possible,  and  the  amount  of 
radium  actually  found  in  rocks  and  minerals  is  but  1(H  to  lO^^  times 
this  quantity. 

In  addition  to  these  considerations  the  fact  remains  tliat  the  waters 
and  sediments  from  the  crater  of  Taal  volcano  were  found  to  contain 
almost  no  radium. 

==Eutlierfor<ii  Hadioactivity  (13051,419. 
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Plates  I,  II,  and  Piute  III,  fifj.  2,  nnd  Plate  IV,  fig.  1,  from  [liiotographa  by 
Worcester. 

Plate  III,  fig.  1,  and  Plate  IV,  fi{;.  2,  from  pfiotograplis  by  Frwr. 
Plates  V  and  VI  from  pbotograplis  by  Bacon.- 

Plate  I. 

Fio.  1.  View  from  the  eastern  sliore  of  Lake  Bonibom  across  to  Taal  Mountain. 
2.  View  of  Taal  volcano  from  Lake  Bombom,  which  completely  aurrounda  the 
mountain. 

Plate  II. 

Fm.  1.  Eruption  of  Taal  volcano  of  July  5,  1004.     Note  the  position  of  the  boiling 
lake  to  the  right  of  tlie  erupting  crater. 
2.  Another  phase  of  the  eruption  of  July  5,  1SI04.     This  eruption  was  char- 
acterized hy  the  large  amount  of  in\id  ejected  causing,  at  its  height,  a 
violent  mud  shower. 

Plate  III, 

Fio.  1.  The  same  crater  in  September  I'JOi.  The  eruption  has  almost  completely 
died  down.     The  boiling  crater  lake  is  shown  on  the  right  of  the  active 

2.  The  same  crater  on  December  31,  1905.     Almost  all  signs  of  activity  have 
now  disappeared  and  the  crater  is  filled  with  water. 

Plate  IV. 

Fid.  1.  Panoranuo  view  of  tin,  whole  crater  of  Taal  volcano  on  December  31    1005 
2.  View  across  the  boiling  crater  lake  showing  the  stratified  walls  surround 
ing  it   and  tin  salt  deposits  on  these  walls   December  31    1005 

Plate  V 

Fiu.  1.  Panoramic  new  of  the  whole  crater  of  Taal  ^  olcano  on  Mareh  i  1007 
ThL  crattr  autue  m  the  eruption  o£  Tulj  4  1004  and  full  of  wattr 
on  December  31  1005  is  now  'teen  to  lie  dry  and  totally  inactive  Tiie 
boihng  crater  lake  is  increased  in  area  while  the  gretn  lake  has  di 
creased  in  size  ^  new  disturbance  area  seem-i  to  be  breaking  out  to 
the  left  of  the  boiling  crater  lake 

2.  View  looking  toward  the  boiling  crater  Hke      In  the  foreground  are  seen 

some  of  the  small  pools  referred  to  as  the  north  beach  of  this  lake 

3.  The  peculiar  formation  of  colored    boiling  pools  separated  by  a  crust  of 

iron  aalt»>   ealkd  the  north  beach  of  tin  boiling  crater  lakt 

Plate  \I 

Fio.  I.  View  looking  down  from  the  north  upon  the  yellow  lake,  the  two  fumaroles 
and  the  boiling  crater  lake. 

2.  Looking   down   from    the   north   upon    the   boiling   crater    lake.     In   the 

foi-eground  is  seen  the  peculiar  formation  of  the  north  beach  of  this  lake. 

3.  Tlie  two  fumaroles  at  the  head  of  the  green  lake.     The  yellow  lake  dis- 

cussed in  the  former  paper  was  situated  to  the  left  of  these  fumaroles. 
It  is  seen  that  no  trace  of  it  remains. 
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CATALYSIS  BY  MEANS  OF  URANIUM  SALTS  IN  THE 
SUNLIGHT. 


By  Raymohd  Fobs  Bacon. 
{From  the  Chemical  Laboratory,  Burean  of  Soieiicc,  Manila,  I*-  /.) 


A  few  experiments  were  undertaken  on  the  catalyzing  efffcts  of 
uranium  salts  in  sunlight  in  conjunction  with  the  study  of  tliu  radio- 
activity of  the  waters  from  Taal  volcano,  described  in  the  preceding  paper. 
Seekamp '  a  great  many  years  ago  demonstrated  that  uranium  salts  acteil 
as  catalyzers  in  decomposing  oxalic  acid  in  the  sunlight,  but  the  saine 
effect  was  not  produced  in  the  dark,  even  at  100".  The  products  of  the 
catalysis  were  carbon  monoxide,  carbon  dioxide,  water  and  formic  acid ; 
on  substituting  succinic  acid,  Seekamp  obtained  propionic  acid  and 
carbon  dioxide.  Since  the  discovery  of  radium  and  of  its  capability  of 
powerfully  catalyzing  many  chemical  actions,  it  becomes  interesting  to 
ascertain  whether  the  catalytic  action  of  uranium  salts  in  the  sunlight 
may  not  be  due  to  the  fact  that  uranium  is  one  of  the  elements  which 
forms  radium  and  whether  its  power  of  catalyzing  may  not  in  some  man- 
ner be  connected  with  its  radio-activity.  As  the  sunlight  of  the  Tropics 
afforded  an  exceptionally  favorable  opportunity,  the  following  experi- 
ments were  undertaken  with  the  view  of  proving  or  disproving  this 
supposition. 

The  apparatus  consisted  of  a  100  cubic  centimeter,  graduated  Ehrlenmejer 
tlftsk  and  a  eudiometer.  The  flask  was  tightly  closed  with  a  well-fitting  rubber 
stopper,  through  which  a  glass  tube  passed  to  the  eudiometer.  The  gas  was 
collected  over  the  water.  Two  or  more  such  flasks  were  usually  placed  in  the 
sunlight  simultaneously,  and  the  time  necessary  to  collect  a  certain  number  of 
cubic  centimeters  of  gas  was  noted. 

The  fundamental  experiment  was  instituted  to.  give  a  comparison  of 
the  rate  at  which  a  certain  quantity  of  uranium  salt  would  act  as  a 
catalyser  of  oxalic  acid,  when  it  was  compared  with  pitchblende  contain- 
ing the  same  amount  of  uranium,  pitchblende  being  over  five  times  as 
radio-active — measured  by  the  electrical  method — as  the  uranium  salt. 
It  would  follow  from  this  that,  if  radio-activity  had  any  connection  with 
the  catalytic  process,  the  rate  of  gas  formation  with  pitchblende  would 
be  very  much  more  rapid  than  it  would  be  with  uranium  salt. 

A  few  experiments  were  first  made  in  the  apparatus  with  oxalic  acid 

alone,  5  grams  being  used  in  each  instance,  and  it  was  found  that  sunlight 

'Am.Ghem.   {Uebig),  (1862)   122,  113;   (1865)   133,253, 
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decompoBeB  pun  oxalit  acid  so  slowly  as  compared  with  the  speed  of  the 
reaction  with  iiraniuni  salts  that  the  autodocompoiition  may  be  alto- 
gether neglected  m  the  pre'*ent  (-erie    of  experiments 

This  result  is  in  accord  wtti  those  obtained  l^  Richardson'  mI  o  fo  iitd  t1  at 
oxalic  acid  in  only  slow  ly  decomposed  bj  eunligl  t  even  at  0  f  o  fori  i  eirbon  mo 
noxide  carbon  dioxide  and  liTdr<^en  peroxide  The  reaction  doe«  not  tjike  place 
under  the  red  rais  of  tie  speetruni  alone  sterihzati<n  I  as  n<  effect  s  tl  at  n  icro 
organisms  take  no  part  ii  it  although  it  la  known  that  certain  n  icrot  rganiims 
decompose  oxalic  acid  under  proper  conditions  to  give  carbon  rnono\ide  caibon 
dioxide  and  water  No  h(drogen  peroxide  is  formed  in  the  dark  even  if  oxygen 
It  present  Dil  ite  sulphuric  acid  does  not  decompose  oxalic  acid  in  the  absence 
ot  light  as  Ha«  proved  by  drawing  air  tor  seven  da>8  tl  rough  a  solution  of  the 
acid  and  into  one  of  barium  hvdroxide  the  oxalic  acid  being  kept  at  70°  to  30 
Dilute  sulphuric  acid  accelerates  the  decomposition  of  oxalic  aci  1  in  the  sunlight 
for  in  seien  days  0  00  gram  of  carbon  dioxide  ua«  obtained  from  5  grams  of 
oxalic  acid 

The  reaction'*  eatahzid  by  uranium  salts  are  in  the  great  majontj  of 
taseh  well  known  taking  place  with  extreme  slowness  when  no  catalyzer 
IS  present 

Etepertt  enl  1  — August  22  Direct  s 
the  effect  of  iar>ing  quantities  of  irin 
Quantities  in  cubic  centimeters 

(a)  6  grams  oxalic  acid. 

2.224B  grams  ci^stallized 
100  cubic  centimeters  water. 
(6)5  grams  oxalic  acid. 


from  2  to  2  45  p    m      T     detern  ii 
I  lalla  on  the  speed     f  th(   r  actioi 


acetate  (Kahlbaum). 


100  cubic  centimeters  water. 


45 


40 


When  placed  In  diffused  Sight  in  tlic  laboratory  («)  gave  no  more  gas  (b) 
gave  2  cubic  centimeters. 

Experiment  ^.— Ai^ust  30.  Both  llasks  |a)  and  id)  were  left  in  partial 
sunlight  for  fifteen  minutes.  One  cubic  centimeter  of  gas  had  collected  in  each 
one.  On  placing  the  flasks  in  the  diffused  liglit  of  the  laboratory,  gas  continued 
to  be  formed  for  two  hours,  the  amount  being  12  cubic  centimeters  and  7  cubic 
centimeters,  respectively,  for  (a)  and  (6).  After  placing  a  solution  in  the 
sunlight  it  takes  some  time  for  the  reaction  to  attain  its  maximum  rate,  a  fact 
which  has  often  been  noted  concerning  it.  An  oxalic  acid  solution  containing 
uranium  salts  gives  no  gas,  even  at  10(j°.  if  it  is  kept  in  the  dark. 

Exfierimeni  S. — The  solutions  (a)  and  (6)  were  the  same;  the  nunilier  of 
cubic  centimeters  of  gas  obtained  from  the  two  ac)]utions  in  the  same  length  of 
time  and  under  the  same  conditions  of  sunlight  were: 


«•) 


(6) 


'J.  Chem.  Soc.  (If 
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It  ia  therefore  evident  that  the  relative  amounta  of  uranium  salt  only  Hliglitly 
alfect  the  apeeil  of  tlie  reaction. 

Eicperiment  .}. — Two  piihio  ceiitiiiietpi's  of  concentrated  nitric  acid  added  to 
(6).      Quantities  in  en l>io  centimeters. 

CI  (b) 

.12  27 

IG  I1,H 

Ej'iicrin'riil  .5.— Two  <[uantitips  of  Kolution  {a)   were  eoniparwl  with  a  solution 
containing'  5  f^rains  of  oxalic  add  and  2  p[rnma  of  pitchblende,  diBsolved  in  the 
smallest  [lossible  qnantity  of  nitric  acid.     The  solution  containing  pitchblende  (b) 
decomposed  the  oxalic  add  at  one  half  the  rate  of  (n). 
Experimenl  S. — 

(a)  6  grams  oxalic  acid. 

100  cubic  centimetera  water. 
(b|  5  grama  oxalic  acid, 

2  grams  tlioriuni  nitrate. 
100  cubic  centimeters  water. 

In  one  hour  and  thirty  minutes  in  sunlight,  each  gave  0.5  cubic  centimeter  piH. 
Tlie  thorium  nitrate  was  but  slightly  dissolved  and  the  solution  was  very  milky 
in  appearance. 

BsypeHment  7. — To  each  of  solutions  {a)  and  (6)  from  experitnent  6,  5  cubic 
centimeters  of  concentrated  nitric  acid  was  added  partially  to  dissolve  the  salt 
of  thorium,  the  time  in  sunlight  being  two  hours.     Quantities  in  cubic  centimeters. 

(a)  (b) 

1.2  14 

As  the  thorium  salt  is  only  slightly  dissolved,  this  fact  may  have  rendered 
the  reaction  in  (6)  slower  than  it  otherwise  would  be,  but  nevertheless  it  is 
interesting  to  note  that  the  radio-active  thorium  salts  catalyze  a  solution  of  oxalic 

Experiment  8. — It  was  thought  that  possibly  the  increased  rate  of  reaction 
observed  in  {b) ,  experiment  7,  might  be  ascribed  to  the  action  of  finely  divided 
particles  of  thorium  nitrate  as  catalyzers.  Hence,  two  flasks  were  prepared  each 
containing  5  grams  of  oxalic  acid  dissolved  in  100  cubic  centimeters  of  water.  To 
one  of  these  freshly  precipitated  barium  sulphate  was  added ;  to  the  other,  finely 
ground  silica,  but  no  gas  was  obtained  in  either  flask,  even  in  the  simlight. 

Eaperimeitt  0. — October  22,  p.  m. 

(o|  4,31  grams  pitchblende  from  Joadiimsthal,  containing  1,120 
grams  Uranium  diaaolved  in  5  cubic  centimeters  of  con- 
centrated nitric  acid. 
5  grams  oxalic  acid. 
100  cubic  centimeters  water. 
(6)  2  grams  uranium  acetate  containing  1.126  grams  u 
5  cubic  centimeters  concentrated  nitric  acid. 
5  grams  oxalic  acid. 
100  cubic  centimeters  water. 

Quantities  in  cubic  centimeters. 
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October  23,  a.  m.     The  tubes  were  now  placetl  i 
light;  the  ne\t  morning  at  7.50  the  reading  was — 


tlie  laboratory  in  diffused 


Time. 
8.00  to  8.20 
8.20  to  8.30 
8.30  to  8.38 
8.38  to  8.45 
8.48  to   8,56 


8.59  t( 
9.16  t< 


I   fl.U  25  *0 

I    0.30  26  36 

0.32  to   fl.44       ■     22  38 

9.46  to   9.56  22  :)8 

0.59  to  10.12  22  37 

10.14  to  10.25  22  3B 

10.27  to  10.43  22  36 

10.45  to  10.59  25  38 

11.01  to  11.12  24  '38 

11.42  to  11.58  2.5  40 

October  23,  p.  m.  The  tubes  stood  in  the  diffused  iiglit  of  tbo  laboratory 
from  12.00  to  I.OO. 

(«1  <b) 

8.5  24.5 

Therefore  (a)  in  two  hundred  and  forty-five  minutes  gave  297  cubic  centimeters 
of  gas,  as  compared  with  561  cubic  centimeters  obtained  from  (6).  The  solntion 
containing  the  pitchblende  bad  the  greater  initial  velocity  which  may  possibly  be 
due  to  the  presence  of  iron  salts,  because  the  latter  at  first  markedly  catalyze  solu- 
tions of  oxalic  acid,  as  ia  shown  by  later  experiments  given  below,  but  radio- 
activity would  seem  to  have  little  or  no  influence  on  the  rate  of  the  reaction,  a 
conclusion  which  is  confirmed  by  other  experiments  of  the  same  character;  the 
solution  derived  from  pitchblende  always  exhibiting  a  slower  rate  than  the  ones 
containing  uranium  salts. 

Experiment  10. — October  24,  p.  m. 

(a)  1  gram  ferric  chloride  (sublimed|. 
6  grams  oxalic  acid. 

100  cubic  centimeters  water. 

(b)  5  grams  oxalic  acid. 

100  cubic  centimeters  water. 

Picric  acid  added   sufficient  to  give  a   color   as   nearly  us 

possible  like  that  of  the 

in  (6),  experiment  9. 


Tim< 


40 


The  next  morning  the  two  tubes  n 
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This  result  is  characteristic  of  iron  salts  when  they  are  used  as 
catalyzers  in  decomposing  solutions  of  oxalic  acid;  at  first  the  reaction 
proceeds  quite  rapidly,  but  it  becomes  slower  until  finally  it  is  almost 
imperceptible. 

Solution  (b)  was  colored  as  given  above  because  it  was  thought  that 
perhaps  the  color  of  the  uranium  solution  might  have  some  connection 
with  the  absorption  of  the  energy  of  the  sunlight  and  consequently  with 
the  catalysis.  This  idea  was  especially  suggested  because  ferric  chloride, 
which  also  acts  as  a  catalyzer  in  this  reaction,  is  likewise  yellow.  Another 
solution,  colored  yellow  with  aniline  yellow  (Griibler  &  Co.)  likewise 
gave  negative  results. 

It  was  thought  that  possibly  the  ionization  of  the  oxalic  acid  or  of  the 
water  might  be  increased  in  the  sunlight,  and  that  this  change  in 
conditions  might  have  an  effect  on  the  reaction.  Nichols  and  Merritt  ^ 
have  recently  demonstrated  that  fluorescent  solutions  conduct  the  current 
better  in  the  sunlight  than  in  the  dark.  Fluorescent  substances  absorb 
.  light  and  do  not  follow  Kirchoff's  law;  nonfluorescent  substances  do  not 
increase  the  conductivity  in  sunlight.  The  amount  of  fluorescence  and 
conductivity  are  proportional  to  one  another.  Unfortunately,  the  original 
paper  is  not  accessible  to  me,  so  that  T  was  not  able  to  follow  tlie 
experimental  methods  employed  by  the  authors,  but  I  measured  con- 
ductivities of  boiling  uranium  solutions  in  the  sunlight  and  in  the  dark 
in  the  usual  Kohlrauseh  cell.  No  difference  could  be  detected  between 
the  sunlight  and  darkness.  I  also  studied  the  speed  of  hydrolysis  of 
ethyl  acetate  by  water  at  a  boiling  temperature  in  the  sunlight  and  in 
darkness.  No  increase  in  the  ionization  of  water  in  the  sunlight  could 
be  detected  by  this  method,  nor  does  sunlight  have  any  effect  on  the 
speed  of  esterification  of  ethyl  acetate  from  glacial  acetic  acid  and 
alcohol. 


Experiment  1 


)  1  gram  ferric  chloride  sublimeii. 

5  grams  oxalic  acid. 

100  cubic  centimeters  water, 
)  2  grams  ferric  cliloride  sublimed. 

5  grama  oxalic  acid. 

100  cubic  centimeters  water. 


(a) 


(&: 
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No  gas  collected  when  the  fM)lutions  were  left  standing  over  night.     Both  v 
lieated  to  100°  in  the  morning  and  tlien  placed  in  the  HUnliRlit. 


Thfl  marko,i  falling  off  in  the  catalysis  with  ferric  lalta  miv  be  connected 
with  the  formation  of  a  precipitate  of  ferrous  oxalate  nliieh  soon  appears  in  the 
solution. 

It  would  seem  probable  that  the  decomposition  of  oxalic  acid  takes  the 
course  of  first  evolving  carbon  dioxide  and  leaving  formic  acid  and  that 
the  latter  then  breaks  down  into  carbon  monoxide  and  water,  but  formic 
acid  with  uranium  acetate  as  a  catalyzer  gave  no  gas  \s  formit  acid  can 
be  demonstrated  to  be  present  during  the  cataljsis  of  oxalic  acid  by* 
uranium  salts,  its  formation  is  probably  due  to  the  reaction ; 

CO+HjO-HCOOH 
accelerated  by  uranium  salts  as  a  catalyzer. 

The  further  study  of  this  phase  of  the  reaction  is  of  considerable  im- 
portance both  from  a  theoretical  and  a  practical  standpoint. 

Oxalic  acid  when  treated  with  potassium  bichromate,  gives  off  gas 
even  in  the  dark,  but  there  is  no  decomposition  either  in  the  dark  or 
sunlight  with  chromic  chloride  or  with  copper  sulphate. 

Experiment  12.— K  study  of  the  decomposition  of  potassium  permanganate  in 
the  presence  of  uranium  salts  was  nest  undertaken  with  a  solution  which  contained 
approximately  i  grams  of  potassium  permanganate  per  liter.      ( 1  ce=0.00fi!)7  Fe. ) 
(a)  25  cubic  centimeters  potassium  permanganate  solution 
(ft)  26  cubic  centimeters  potassium  permanganate  solution  and 

10  cubic  centimeters  water. 

(c)  25  cubic  centimeters  potassium  permanganate  solution,  0.1 

gram  uranium  acetate  and  10  cubic  centimeters  water. 

Tbe   solutions  were  placed  in  the   sunlight  from   11.15  a.   m.   to   1.05   p.   m., 

then  40  cubic  centimeters  of  ferrous  sulphate  solution  were  added  to  each,  by 

which    means    all    were    decolorized,    and   they    were    then   titrated    back    with 

permanganate. 

Number  of  cubic  centimeters  of  permanganate  required: 

(")  (61  (c) 

3.2  3.-3  3.3 

Uranium  salts  therefore  have  no  effect  on  this  reaction. 

It  is  well  known  that  reactions  involving  oxidation  and  reduction  are 
usually  very  susceptible  to  catalyzers,  and  that  many  substances  such 
as  alkaloids,  ammonium  salts, '  sugars,  etc.,  act  as  if  they  were  poisons 
for  the  latter;  whereas  copper  and  iron  salts  usually  accelerate  the  rate.* 

'Young:  .1.  Avi,  Ghem.  Hoc.   (1!>02),  24,  301. 
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Some  alkaloids  also  have  a  similar  "poisoning"  effect  on  the  decomposi- 
tion of  oxalic  acid  in  the  presence  of  uranium  salts  in  the  sunlight. 

ExperimcHl  13. — 

(a)  i  grnniii  oxalic  acid. 


nddPd.     MpHHTire- 


100  cubic  centimetera  water. 

{b)  Same  as  (a)  but  with  0.1  gram  o 

meats  in  cubic  centimeters. 

Time. 
a.m.  8.08  to  9.10 
10.22  to  10.45 
10.48  to  11.05 
11.08  toll.25 
ll,28toH.42 
11.44  to  12.00 
p.m.  2.55  to  3.25 
3.30  t<f   ' 


50 


25 


Bruein  o^iulatL  -eparatea  aa  ishite  crvatalhne  needles  when  brucjn  is  added 
to  the  solution,  so  that  tlia  concentration  of  tlie  alkaloid  woa  leaa  than  was 
represented  by  the  amount  added 

Eo'perimenl  14  — The  same  solution  as  in  experiment  13  excepting  that  quinine 
was  substituted  for  brucin  m   (6)      Quantities  in  cnbic  centimeters. 


Time. 


(t: 


(6) 


i.l5  I 


.  n.20 


S.24to   9.t)0  70  21 

9.53  to  10.20  77  20 

10.23  to  10.45  m  IR 

10.48toll.lO  7.')  20 

Experiment  15. — In  this  experiment  1  gram  atropin  was  substituted  for  brucin 
and  a  third  solution  (c)  had  added  to  it  0.2  gram  cinchonin.  Quantities  in  cubic 
centimeters. 

Time.  («)  C-l  (") 

a.  m.  11.25  to  12.00  81  20  13 

p.  m.   2.20  to   3.50  108  40  14 

a.  m.  10.40  to  11.20  R4  34  12 


Experiment  IG.—  ia)   Standard  solution.      (6)   With  0.1  gram  n 
With  0.1  gram  strychnine.     Quantities  in  cubic  centimeters. 
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1  was  surprised  to  discover,  as  is  shown  by  experiment  1,  that  the 
quantity  of  uranium  salt  present  did  not  markedly  affect  the  rate  of 
the  decomposition  of  oxalic  acid,  but  it  was  even  more  curious  to  find 
that  the  amount  of  oxalic  acid  also  had  relatively  little  effect. 

Eapsrimenl  17. — 

(a)  4  grains  oxalic  acid. 

1.7o3  grams  uranium  acetate. 
100  cubic  centimeters  water. 

(b)  2.5  grama  oxalic  acid. 

1.753  grams  uranium  acetate. 
100  cubic  centimeters  water. 


a.  m.    9.24  to  10.02 
10,04  to  10.20 
10.22  to  10.43 
10.46  to  11.08 
11.10  to  11.30  (shady) 
p.  m.    1.33  to    2.01 
2.03  to   2.22 
2.25  to   2.46 
Quantities  in  cubic  centimeters. 
Experiment  18. — 

(a)  7  grams  oxalic  acid. 

1.753  grams  uranium  acetate. 
100  cubic  centimeters  water. 
(6)  2.5  grams  oxalic  acid  and  the  sa 
acetate  and  water  as  in   (a). 


(«) 


(h) 


1.  !).00  to  9.45 
9.47  to  10.04 
10.07  to  10.28 
10.30  to  10.40 
10.43  to  11.08 
11.28  to  11,45 

n.    1.32  to   2,00 


There  ia  therefore  relatively  little  dilTerence  in  the  initial  rate  of  the  reaction, 
but  as  it  proceeds,  a  marked  variation  begins  to  be  noted. 

I  have  also  made  few  preliminary  observations  on  the  action  of  uranium 
acetate  in  the  sunlight,  on  the  decomposition  of  several  organic  acids. 
Propionic  acid  very  slowly  gives  off  carbon  dioxide,  mixed  with  a  com- 
bustible gas  which  is  probably  ethane,  but  the  amount  which  I  had 
at  my  disposition  was  too  small  to  identify.  Wisbar "  has  shown  that 
n-butyric  acid  gives  propane  and  carbon  dioxide.  Tartaric  acid  evolves 
carbon   dioxide  quite  rapidly   and   among   the  decomposition   products 

'Ann.  Chem.  {Liebig)    (1891),  262,  232. 
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acetaldoliyde  and  pyruvic  acid  CHj.CO.COOH  wore  detected,  the  pres- 
emce  of  the  latter  being  determined  by  obtaining  the  phenyl hydrazone 
melting  at  188". 

Pyrotartarie  acid  is  also  markedly  decomposed,  carbon  dioxide  being 
evolved,  and  n-butyric  and  isobutyric  acids  remaining;  malic  and  lactic 
acids  both  give  carbon  dioxide  and  probably  acetaidehyde,  but  the  other 
products  have  not  yet  been  determined.  It  is  not  unreasonable  to 
suppose  that  the  first  decomposition  product  formed  by  the  action  of  a 
uranium  salt  in  the  sunlight  on  malic  acid,  is  lactic  acid  which  is  then 
further  broken  down  to  give  acetaldehyde  and  formic  acid. 

Mandeiic  acid  decomposes  vigorously,  benzaldehjde  and  benzoic  acid 
being  obtained  in  considerable  quantity,  the  benzoic  acid  presumably 
resulting  by  oxidation  of  the  benzaldehyde,  for  bciizaldebyde  is  rapidly 
changed  to  benzoic  acid  by  the  tropical  sun. 

In  each  of  two  250  cubic  etntimeter  Ehrlenmeyer  flaaka  50  grama  beitail^phydo 
was  placed.  One  flask  was  put  in  tlie  dark  and  the  other  in  aunligbt  for  one 
week;  at  tlie  end  of  tliia  time  2.2  grams  and  1S.5  {trams  of  benzoic  acid  respectivelj 
had  been  formed. 

It  t   eabl     tl   t   tl      t    ]      1         1  ght  greatly   accelerates  the 

t  Tl  fE    t  1  as  I  ted     ith  a  very  high  frequency 

lect        Ihg       L  t  dg         fE        bon  dioxide,  acetone  being 

dectl  gth  t       pdtsthl  rlactic  acid  easily  produces 

hi      1  1   drat      ml  d  gi        at.  t       cid;  all  of  the  above  with 

t!  It         f        b       d      d      phth  1       nd  cinnamic  acids  are  not 

ted     p        p    b  blj  b  f  th  lb  lity. 

Th       f  pmtdmttth    powerful  catalytic  action  of 

m     It  ml  g!  t  It         f         anium  salt  could  probably 

b        edas        hmlplt       te       1  der  the  action  probably  to 

be      tmtly  td      ththfl        set  nature  of  the  solutions  of 

tl    se      It       Ih       b  t  gi  bo         re  very  incomplete  but  as 

1  es    f  gr    t  1      t    th    Philippine  Islands  are  more 

I  glh         bddti  kfth   present.     It  is  evident  that 

ta  h     tddtt      grt     advantage  in  the  Tropics 

tl  tl     T     I      t   Z  tl   t  fi  Id  for  tropical  investigation 
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n.v  Ai,v[\  J.  Cox. 
{From  the  Chemical  Diinniov,  Bvreau  of  Hoienoe,  Manila,  P.  I.) 


Prof,  Dr.  Weinstein^  says  that  in  the  construction  of  a  comparator 
the  following  things  must  be  takon  into  consideration :  "  ( I )  Tiie  external 
conditions,  under  which  the  comparison  of  the  measures  is  made,  (2) 
the  construction  of  the  measuring  apparatus  (microscope,  micrometer), 
(3)  the  properties  of  the  bars  investigated."  With  regard  to  the  first  and 
last  points,  if  the  bars  compared  have  the  sa.me  coefficient  of  expansion, 
then  it  13  onlv  ne(.esaar>  to  e\amiiie  them  at  the  same  temperature  I'Iih 
IS  not  difficult  for  the  external  conditions  can  Ite  controlled  by  tht,  isola 
tion  of  the  cathetomcter  room  and  the  cxerciise  of  dui.  care 

There  remains  the  conitruction  of  the  apparatus  to  be  considered 
The  demand  for  a  great  manv  proMnciat  and  othu  secondary  standards 
m  connection  with  the  initiation  of  the  new  ft  tights  and  Measures  Ijaw 
of  the  Philippine  Iblands  has  made  indinpLnoalilc  to  thih  Bureau  an 
instrument  which  could  ht  depended  upon  to  give  (.om])arisons  with 
the  standard  meter  bar  accurate  within  a  few  numheri  in  the  second 
decimal  ot  a  millimeter  A  high  grade  cathetometer  similar  to  man>  ^ 
of  tliobe  especially  designed  for  making  eudiomtttr  readings  was  tried, 
but  found  un sat] sfac toil  for  our  puri)ost-(  'Ihc  one  used  is  described  h) 
derhardt '  as — 

A  cathetometer  with  millimeter  dmsioiiH  of  one  meter  length  wliich  at  C 
IB  eorreot  to  0  01  millimeter  Ihe  vernier  permits  a.  reading  of  0  1  millimeter 
The  teleacope  turns  in  a  plane  etactly  at  right  angles  to  tbe  upright  bar  and  the 
kvel  upon  the  top  has  a  aensiliility  of  twenty  seconds  For  the  lirnt  adjustment 
of  the  inatiument  theie  la  a  circular  spirit  le^el  on  the  base  The  telescope  etc 
are  perfectly  balanced  The  micrLmeter  is  so  constructed  that  the  pOBSibilitj 
of  an  inclination  of  the  teleseope  with  the  adjuatment  ot  (he  miLrometer  icrew  is 
pvcluded  Both  the  bar  and  the  travel  are  perfectiv  atraight  so  that  there  la  no 
turning  of  the  teleseope  by  moving  up  and  down 

'Wein'itein     Deutsche  Mechaniier  Ztg    (ISII)    (Berlin)    2S 

"Terquem   A      Journ   de  Phys    (188^),  12,416      Miller   F      7(sc/ij    /   /jsfiu 

menlenkunde    (1883),    3,    409.     Fues,    E. :   lUd.     (1886).    6,    15.^.     Wadswortb, 

F.  L.  O.!  Am.  J.  So.  (189(t),  151,  41. 

'Oerhardt,  C;   Preisverzeichnis  liber  ChemiiJolie  Apparate  und  Geriitschaften 

(1905),  13th  Ed.,  110,  Bonn. 
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This  instrument  is  shown  in  Plate  I,  fig.  1-  It  is  not  sufficiently  ac- 
curate for  the  comparison  of  measures  of  length,  because  the  adjustment 
of  the  level  when  the  telescope  is  moved  from  one  end  of  the  upright  bar 
to  the  other  is  necessary.'  The  range  of  the  telescope  is  from  three  to 
iive  meters  and  with  a  ievel,  the  fineness  of  which  is  twenty  seconds, 
makes  possible  an  error  of  nearly  a  millimeter.  This  is  the  best  level 
usually  obtainable  for  this  class  of  instrument,  although  sometimes  one 
sensitive  to  tifteen  seconds  is  used.'  Even  this  would  not  be  sufficiently 
accurate. 

As  a  rule  the  superiority  of  an  apparatus  is  proportional  to  its  cost 
ajid  in  this  ease  it  was  discovered  that  the  only  instruments  made  at 
present  which  could  entirely  satisfy  our  requiremenis  were  very  expensive 
and  much  more  complicated  than  needed.  One  was  therefore  constructed 
after  the  following  plan  and  I  think  for  a  simple  apparatus,  it  has 
features  worthy  of  not«.°  In  it  the  general  method  of  comparison  now 
employed  in  nearly  all  of  the  most  accurate  linear  measurements  is  fol- 
lowed; that  is,  the  length  to  he  measured  is  placed  parallel  with  the 
standard  bar  and  the  images  of  the  linear  lines  of  the  two  brought  suc- 
cessively into  the  field  of  the  observing  microseope  and  their  relative 
positions  determined.  In  the  forms  of  the  cathetometers  previously 
referred  to,  this  has  been  done  hy  observing  the  length  to  be  measured  in 
the  telescope  and  at  the  same  time  the  scale  on  the  long  vertical  axis. 

The  new  arrangement  is  shown  in  Plate  I,  fig.  2.  In  this  apparatus 
the  short  leverage  of  the  sliding  parts  and  the  angular  displacement  of 
the  telescope  are  obviated.  The  base  and  upright  travel  columns  for 
the  crosshead  are  the  base  and  standards  of  a  Doolittle  torsion  vis- 
cosimeter.'  The  crosshead  is  supported  by  wires,  passing  over  two  wheels 
of  the  same  size  with  a  common  axis  mounted  on  a  frictionless  bearing, 
and  exactly  counterbalanced  by  leaded  weights.  The  bars  to  be  compared 
are  suspended  from  the  arch  by  vertical  adjustible  screws,  in  turn  hori- 
zontallj  controlled  by  thumbscrews  from  the  front  and  back.  The  lower 
ends  of  the  bars  are  held  in  place  by  appropriate  clamps.  The  microscope 
is  mounted  on  a  travel  on  the  crosshead.  With  the  horizontal  motion 
of  this  travel  and  the  vertical  movement  of  the  crosshead,  freedom  is 
obtained  for  the  microscope  over  the  entire  plane  bounded  by  the  vertical 
columns  of  the  apparatus.     The  micrtecope  itself  has  a  magnification 

'This  may  ha-ve  been  partially  due  to  the  heat  radiated  from  the  operator 
expanding  the  side  of  the  bar  nearest  him. 

'Ztschr.  f.  Instrumentenkunde  (1905),  25,  16. 

'  Constructed  in  the  workshop  of  the  Bureau  of  Science,  Manila,  P.  I.,  by 
Mr.  J.  A.  Gilkerson,  Chief  Engineer,  Bureau  of  Science. 

'Doolittle,  0.  S.:  J.  Am.  Ohem.  8oc.  (1893),  15,  173;  J.  Soc.  Chem.  Ind- 
(1893),  12,  709.  Wiley,  H.  W.:  Principles  and  Practice  of  Agricultural  Analysia 
(1897),  III,  343,  Easton,  Pa. 
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of  sixty  diameters  and  a  field  of  one  and  two-tenths  millimeters.  A  glass 
plate  graduated  into  millimeters  is  adjusted  in  the  microscope  tube  so  that 
a  millimeter  here  is  exactly  equa!  to  a  tenth  of  a  millimeter  in  the  field, 
that  is,  these  lines  divide  the  field  of  the  microscope  into  twelve  equal 
divisions  as  shown  in  fig.  1.     The  glass  plate  serves  as  a  micrometer 


device;  by  its  means  tenths  of  a  millimeter  can  directly  be  read  and  the 
variations  between  the  two  bars  observed,  as  they  are  successively  brought 
into  the  field.  For  the  illumination  of  the  bars  a.  small  electric  light 
(not  shown  in  the  plate)  is  mounted  just  in  front  of  their  graduated 
surfaces  during  the  reading.  The  zero  points  of  the  rods  are  adjusted 
by  the  screws  at  the  top  and  are  then  quickly  paralleled  by  passing  the 
microscope  downward  along  the  edges  of  the  bars  and  the  lower  ends 
brought  into  focus  by  adjusting  the  clamps. 

This  apparatus  could  be  modified  to  operate  satisfactorily  in  a  hori- 
zontal position.  The  reason  for  making  it  vertical  was  to  liave  vertical 
suspension  and  avoid  the  irregularities  and  inaccuracies  produced  by 
sagging  or  slight  bending  of  the  bars;  also  so  that  only  the  upper  edge 
of  the  microscope  travel  need  be  perfectly  fitted.  At  a  greater  expense 
an  absolutely  level  table  could  be  constnicted  for  a  horizontal  apparatus, 
the  microscope  travel  perfectly  adjusted,  the  whole  operated  in  a  ther- 
mostat, and  therefore  the  temperature  perfectly  controlled.  With  a 
horizontal  apparatus,  the  adjustments  of  the  bars  could  possibly  be  made 
more  quickly. 

It  is  thought  that  the  plan  of  the  double  freedom  of  the  microscope 
possesses  many  advantages  over  the  stationary  microscope  and  traveling 
track  of  other  comparators,  for  example  the  comparator  after  Abbe.' 

'Ztschr.  f.  Inatrumentenlcande  (1892),  12,  311. 
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With  both  the  vertieal  and  the  horizontal  apparatus  the  error  of  taking 
the  observations  is  reduced  to  a  minimum,  both  because  of  the  close  range 
of  the  microscope  and  the  short  displacement  between,  the  two  bars  to  be 
compared.  There  is  practically  no  liability  of  disturbing  the  adjust- 
ment while  manipulating  the  microscope.  A  series  of  experimental  com- 
parisons were  made  and  readings  to  a  hundredth  of  a  millimeter  showed 
no  error  in  the  vertical  instnimeat.  This  apparatus  is  thoroughly 
satisfactory  for  the  testing  of  .secondary  standards.  If  it  is  desired  to 
compare  with  the  greatest  accuracy  that  has  yet  lH>en  obtained,  then  it 
is  recommended  to  follow  the  elaborate  and  more  cxjiensive  plan  of  the 
KaiserlicheNormal-Aiehungs-Kommission." 

'Ztschr.  f-  InslrumcaleiiL-mdi:  (180i5),  15,  yla  and  asa. 


Hosted  by  Google 


ILLUSTRATIONS. 


Hosted  by  Google 


Hosted  by  Google 


I 


L 


Hosted  by 


Google 


Hosted  by  Google 


Hosted  by  Google 


Smith:  Abbebtos 


[Phil,.  Journ,  Sci.,  Vol,.  II,  No.  3 


j  by  Google 


THE  PHILIPPINE 

Journal  of  Science 

A.  General  Science 


THE  asbestos  AND  MANGANESE  DEPOSITS  OF  ILOCOS 

NORTH,  WITH  NOTES  ON  THE  GEOLOGY 

OF  THE  REGION. 


Uy  Wabkbu  1).  Smith. 
{From  the  Division  of  Mines,  JIurmit  of  Kcience.) 


CONTENTS. 
iNTltODUCTION. 
Fit  Id  work. 
Tlie  arua  and  peuplt. 

(J  liOUlEArilY J'lIYSICAL. 

Topograpliy, 
Hydrology. 
Climatolgj,  etc. 

G  EOLoa  Y — Gen  eiu  l. 
Igneous 
Metamorphisin 
The  sedinieiitarj  formations. 
Correlations 

G  EOLOG'V  —Economic. 
Introduction. 

Asbestoa,  manganeae,  etc. 
Prospecting  and  development  work. 
Transportation. 

65T11 


Hosted  by 


Google 


Roporta  to  the  uffuct  that  fairly  larj^e  deposits  of  asbestos  exist  in  the 
northern  part  of  Luzon,  have  been  drifting  in  from  that  region  for  nearly 
two  yeari 

■ibout  a  tear  ago  Mr  F  D  Bnrlttft  Kgan  systematic  prospecting 
and  dt^dopmtnt  work  m  the  \Kjmty  of  Pa'^uquin  and  Sagpartian,  and 
on  the  rec  pt  of  some  promising  samples  from  hhn,  the  writer  was 
detail  d  luring  the  month  of  September  IJOIj,  to  make  a  prelin 
reconnais  anee  of  the  deijosjts  an!  of  t!  i.ir  rtiated  geology. 


In  the  aiteence  ot  ir>[ci  I  ise  maj «  there  being  none  even  approxi- 
matth  satisfactory  savt  the  charts  of  the  Coat-t  ind  Goodetit  Survey  and 
of  course  these  do  not  as  ye-t  attempt  to  take  m  more  than  a  limited 
area  near  the  coast  I  had  to  be  eontent  merely  with  an  inspection  of  the 
properties  making  limited  notes  and  sueh  sketches  of  the  general  geology 
au  were  possible 

My  first  aim  was  to  tee  all  the  properties  on  which  lc\cloi  mcnt  work 
hal  been  done  afterwarls  to  e\amme  the  mere  piospects  in  the  remain 
mg  time  at  mj  disposal  and  during  the  progitse  of  the  other  work  I  made 
such  geological  exploration  as  seemed  necessary  to  gam  a  coniprehcnsn e 
knowledge  ot  the  mineral  deposits  and  their  relationships 

The  schist  and  serpentine  area  m  the  Mcmitv  of  the  Baruyan  and 
Bamban  river  \dlkjs  occupied  the  first  ton  days  of  the  time  my  ne\t 
work  K}  m  the  neighborhood  of  ]Sfag]»artian  the  hills  near  by  and  the 
eiast  near  Cape  Bojcador  I  then  retumeil  to  Pasuquiji  where  1  was 
jome  I  b>  Mr  Burdcttc  1  if,ethcr  w  wirki  d  over  the  country  adjacent 
t>  Pahuqiiin  and  the  terntoiv  Ijmg  letween  that  place  and  Nagpartian 
At  no  time  di  1  we  penetrate  into  the  interior  for  more  than  10  miles  tor 
two  reasons  First  there  has  been  no  prohpectmg  except  near  the  coast 
"econd,  at  this  season  of  haguus  or  itorins  it  was  found  quite  impracti 
cable  to  go  any  di  tance  from  the  ccast  anl  « ell  beaten  trails  while 
traveling  in  this  country  one  is  otten  held  up  tir  la^s  and  t^en  weeks 
bj  swollen  streams  and  flooded  fiells 

Native  horses  were  used  during  this  work  both  for  nlmg  and  packing 
^^hen  labor  was  needed  we  found  the  Iloeanos  to  be  icry  good  although 
the)  were  not  always  available  nor  willing  to  leave  then  rice  fields  AVe 
ilwa\s  found  accommodations  gladly  offered  to  us  by  Spinish  English 
•iniertcan  anl  I'llipino  residents  when  near  th  coast  towna,  anl  when 
in  the  hill    wf  u  uilh  T  n  int        ei/ili       hit 
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ASIIKSTOS   AND   MANli.\Nl'S!';   HKI'IISITSi. 


Tho  Province  of  llocns  X.irh-  is  a  wi1;,'i'-sIiiiih-.1  tnict,  witli  flio  [uiint 
of  tlie  wedge  to  tlie  soiitli.  ixTiiiiyiiiK  tliv  extreme  iK.rtlnvesteni  ei.nier 
of  Luzon.  It  IN  l.oiiii(l.>(l  (.11  the' west  l.y  tlie  fliiiiii  Sea.  im  tlie  nortli 
by  Fonnoaa  Straits,  on  t!ie  east  \>\  tlie  Cnr.ilmllo  ,lrl  Korlr  range  and 
tiie  Provineo  of  Cagayan,  ami  on  tlie  sontli  liy  the  Proviiiee  of  lloeo^; 
Sur  and  Abra. 

The  people  are  ealled  Iloeanos  niid  are  ClirisHaiiiwd.  idtliougli  wmiie 
Igorots  and  Apayaos  (Tingianefi)  inhabit  a  narrow  tract  along  the  sh)]ieii 
of  tlie  eastern  nionntain  rim  of  tlio  province.  The  lloeanoH  have  nmeh 
to  coninieml  them,  they  being  in  the  writer's  o|)inion,  together  with  the 
Bieolw,  the  most  industrious  and  |M'aeeable  native  people  of  the  Arehi- 
pelafro.  Iloeos  Norte,  at  tlio  time  of  the  eensns,  ranked  lifth  in  amount  of 
live  stock;  it  averaged  over  10  kilograms  of  rice  {/iiiliiy — lloeano  name) 
ptr  hectart  h  ing  imong  tin.  (ir-t  of  the  iiroilticing  provinces;  it  is 
k  i-.t  in  tht  nuiul  er  of  paujiors  and  has  very  few  conviets.  At  the  lime 
of  tlic  taking  of  the  ctnMii  the  ithoiK  were  not  well  utuier  way,  but  to- 
(laj  they  arc  crowded  and  m  a  flouriBliing  rcnuiition.  Rice  culture  is  by 
far  tlic  greatest  mdustrj  of  the  pimnce,  but  the  eultivaticm  of  maguey, 
which  11  said  to  make  ntarh  a-,  gool  rope  as  abaeii  fiber,  is  a  growing 
indu'-try 

An  mttrcuting  feature  c f  u  am  ol  the  towns  is  the  an-hiteeture  of  the 
churches  and  tomr^  the  foniur  hiving  strikingly  large  buttresses; 
the  towers,  of  which  the  U'll  tower  in  l^aoag  is  tv]iieal,  aR'  of  a  distinctly 
Moorish  type,  suggesting  that  the  designers  came  from  the  Moorish  prov- 
inces of  Spain. 

(iKOORAniY — PIIYSICAI.. 


I  shall  trc'at  of  this  to]iK  m  thn  o  «  ctions  a'-  I  did  in  the  case  of  Celm 
dividing  the  province  into  three  physiographic  parts  the  plains  tht 
iiplands,  and  the  corihlhra  Of  the  last  namol  I  shall  siv  practiealh 
nothing,  as  my  obsen'ations  lid  not  extend  sufficicnth  far  to  tht  lant 
Suffice  it  to  say  that  tht  great  backbone  of  I  u/on  that  whnh  runs  through 
the  rich  mineral  ProMnccs  of  Benguet  and  Ijepanto  B>ntot  continues 
high  and  unconquered  almost  to  the  extreme  nirthtm  point  of  tht 
Island.  Not  until  a  point  juht  ea«t  of  Bangui  is  reached  is  it  sptn  to 
dip  and  dedine  to  the  sta  At  this  point  there  must  be  a  quite  procip 
itous  drop  of  nearly  a  thousand  feet  tins  tan  plainlj  be  seen  b\  fol 
lowing  the  profile.  From  ttiis  drop  out  to  the  end  of  Punta  Diaho  tht 
sky  line  is  bo  very  even  as  strongh  to  snggct  a  great  maiine  terrace 
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The  sky  line  of  the  cordillera  to  the  south  is  ragged  and  jaggerl,  several 
peaks  standing  between  4,000  and  7.000  feet  above  sea  level.  It  is  thiB 
great  watershed  which  causes  the  seasons  to  he  so  regularly  and  sharply 
defined  in  this  region. 

The  plains. — Ilocos  Norte  is  fortunately  blessed  with  a  fair  extent 
of  coastal  plain,  particularly  in  its  southern  part;  this  varies  from  1 
to  10  niiles  in  width  and  is  verj-  irregular,  for  spurs  and  offshoots  from 
the  main  mountain  mass,  in  places,  run  well  down  to  the  sea.  At  about 
.'>  miles  from  the  sea  one  comes  out  upon  the  uplands,  and  at  17  miles 
the  really  high  mountains  begin;  Monte  Cayudungan  lies  just  aliout 
that  distance  east  of  Sinait  and  it  reaches  an  elevation  of  4,816  feet 
according  to  Coast  and  Geodetic  tri angulation.  This  plain,  as  one  must 
reasonably  infer  from  the  raiecLl  coral  reefs  along  its  border,  consists  of 
a  foundation  of  extremely  recent  coral  formation  overspread  by  a  blanket 
of  silt  largely  derived  from  the  mountains  in  the  rear;  I  believe  the 
sediments  of  this  to  bo  to  a  great  extent  pluvial;  that  is,  of  ilood-plain 
origin  and  to  be  piedmont^  deposits,  especially  where  the  distance  from 
the  foot  of  the  mountains  to  the  sea  is  considerable ;  while  just  bordering 
upon  the  littoral  they  are  eolian,  there  being  cousideraltle  dune  formation 
along  this  strip.  In  this  connection  I  should  make  mention  of  the 
recent  articles  by  Professor  Barrell  *  who  hag  emphasized  the  importance 
of  subaerial  and  pluvial  sedimentation  in  the  geologic  record.  In  the 
Tropics  wlicre  we  have  high  mountains  and  tremendous  rainfalls,  the 
conditions  are  very  favorable  for  the  formation  of  this  class  of  deposits 
which  are  very  fertile  and  posHess  a  stiif  sulwtratuni  of  day  which  is  so 
necessary  for  rice  culture.  The  lloeanos  inhabit  this  plain,  whereaH  the 
Apayaos  (Tingjans)  are  confined  to  the  back  country.  This  coastal 
strip  ends  near  the  barrio  of  Dirique.  From  there  on,  around  the  north 
coast,  there  is  every  indication  of  very  recent  vuleanism;  in  fact,  from 
Bojea^lor  Light  running  eastward  for  some  milca  there  occurs  a  long, 
black,  rugged,  treeless  ridge  of  "eruptive  conglomerate"  which  appears 
to  be  more  recent  and  quite  apart  from  the  rest  of  the  country. 

The  uplands. — The  upland  country  is  not  a  continuous  tract,  but  is 
constituted  of  a  series  of  very  irregularly  shaped  plateaus  which  ap- 
proximate 2,000  feet  in  elevation.  These  arc  partly  underlain  by  lime- 
stone, partly  by  dolerite  {f.  n.) ;  in  the  former  case  they  are  rolling  and 
grassy,  in  the  latter  they  have  more  relief  and  are  barren- and  treeless. 
Plate  III,  flg.  2,  and  Plate  IV,  fig.  3,  will  give  some  idea  of  this  eoimtry. 
The  ascent  to  these  higher  levels  is  quite  difficult,  but  the  traveler  is 

'Barrpll,  -Top.:  Goologieal  Importance  of  SedimpnUticm,     ■/our.  of  CIpoL.  U.  of 
C.    (tilOC),   14,  328. 
'  Ibid. 
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amply  repaid  upon  arrival  by  enooiintorinfc  gamo  in  abundance  Tlipsp 
plateaus  are  quite  different  from  tlie  upland  country  of  Cebii,  but  tliey 
remind  one  Btron^ly  of  tbe  region  just  around  Ba^uio,  Itenguet  Province, 

Tlio  cbange  from  one  class  of  country  to  tbo  other  is  quite  inarlfcd 
and  sudden;  by  croBsing  a  line  wliicb  in  distincly  stvn  to  sepanite  tliem. 
one  goes  from  a  typical,  rolling  prairie  very  similar  to  tliiit  of  Iowa  and 
Wisconsin  iu  tlie  Ifnitrtl  Statra,  to  a  n'gion  wliicli.  as  fur  as  the  iriiuuilinti' 
surround ings  are  concerned,  seeuiB  like  si>me  of  tlie  barren,  trceb'ss  Const 
Range  country  of  California.  Great,  wliite  patclies  of  uiagncsit*'  are 
frequent  and  the  whole  landscape  appears  dcBioeatwI  and  ahnndnneil. 
These  platcaii-like  M])landK  may  indicate  a  i>erioil  of  penejdjination  ])rior 
to  tbe  great  Miocene  uplift  whieb  gave  the  i-ardilhrii  its  present  lieiglit. 
(PI.  IV,  fig.  4.) 

There  appears  to  be  little  or  no  regularity  in  the  orientation  of  tlie 
drainage  in  this  lower  eonntry.  for  the  basiil  roeks  are  igneous  aud  are 
jointed  and  faulted  according  to  no  regular  system. 


The  principal  rivers  of  this  region  are  the  Laoag  and  the  Ilaearra, 
flowing  west  into  the  C'bina  Sea,  and  tbe  Pamlian  northward  into  Fornuiaa 
Straits  near  Bangui.  None  of  these  rivers  are  navigable  for  lai^e  craft, 
and  the  Jjaoag  is  the  only  one  snfficiently  large  even  for  virai/n,  the 
small  native  canoes.  In  the  rainy  season  the  two  rivers  first  mentioned 
l)ecome  torrents  and  at  times  they  can  be  crossed  only  with  ciuisiderable 
danger. 

In  all  ordinary  weather  good  anchorage  may  be  found  in  Bangui  Bay 
during  the  southwest  monsoon.  In  the  season  of  the  northwewt  monsoon 
tbe  north  coast  is  out  of  the  question.  There  arc  only  tbnic  of  the 
harbors  on  the  west  coast  which  are  useil,  Diriqne,  Curriniao  and  Sala- 
maguo,  tbo  last  named  being  the  best;  all  of  these  are  reef-bound  and 
must  be  entered  with  great  caution.  Vessels  in  skirting  Cape  Hojeador, 
usually  keep  well  out  to  sea,  as  this  is  one  of  tbe  most  dangerous  point.* 
with  which  the  inter-islajid  mariner  has  to  deal. 


The  climate  of  Ilocos  Norte  is  considered  to  be  very  healthful; 
much  cooler  than  that  of  most  of  the  coast  provinces  and  i 
are  quite  regular.  In  the  time  of  the  northeast  monsoon  the  north  coast 
is  very  windy  and  it  even  may  be  said  to  be  cold.  During  this  season 
the  town  of  Ijaoag,  which  is  tbe  capital  of  the  province,  is  very  pleasant. 
Tbe  word  "Laoag"  in  tbe  Ilocano  dialect  means  "bine  skies." 

The  record  of  tbe  nearest  meteorological  station,  which  is  at  Vigan, 
showed  the  following  for  the  year  from  January,  190.5,  to  January,  lilDfi: 
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Record  ofminfuU,  /r.,m  the  meteornhijicr,}  Kl.,t,m  'd  llgan.  Mens  fiiir. 

January  q 

Fpbruarj-  (j 

Mareli  23.6 

April  10.C 

Miiy  22.3 

■f"ne  003.3 

July  (miflsingl. 

August  5r,s.l 

Hppteml)er  .117.5 

OctoWr  (missing). 

November  41 

Deceniljcr  15  g 


The  month  of  September  waw  particularly  unfavorable  for  my  visit 
to  this  province,  but  cireumstanccK  forced  me  to  go  at  that  time  or  other- 
wise indefinitely  delay  the  trip.  It  might  be  a  matter  of  interest  to 
state  that  we  experienced  thri'e  quite  severe  typhoons  during  that  month, 
one  of  these  being  the  one  which  descendetl  so  disastrously  upon  Hong- 
kong. Fortunately,  we  were  on  the  outer  rim  of  this  cyclone,  but  even 
as  it  was  we  were  afforded  an  ocular  demonstration  of  what  the  soa  can 
do  along  this  coast  and  the  necessity  of  changing  ports  with  the  change 
of  monsoons. 

One  very  noteworthy  effect  of  the  high  seas  was  the  damming  and 
bauking  of  water  in  the  lower  courses  of  the  rivers  by  the  high  waves, 
thus  greatly  increasing  the  difficulties  already  attendant  upon  travel  and 
the  transportation  of  supplier. 


Four  totally  different  classes  of  igneci 
tered  in  the  region  which  I  covered : 


)ck,  as  follows, 


A.  Dolerite  (f.  n.),  more  precisely  speaking  a  pyra.\enite. 

and  plutonic. 

B.  Uraniilite — a  muscovitc  granite-intrusive. 

C.  Andesite — extnisive. 

D.  "Eruptive  conglomerate"— extrusive. 


This  rock  is  the  basal  formation,  so  far  as  1  know,  of  the  region.  In 
some  places  it  is  deeply  buried,  and  is  to  1m!  swn  only  in  deep  cuttings  in 
the  streams,  in  others  it  is  exposed  on  the  highlands  on  the  surface  wliere 
the  overlying  aetlimentary  beds  have  been  removed.     It  is  seldom  found 
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unaltored,  hut  it  occurs  in  all  utagoB  of  altoratioii,  from  the  one  showiiij: 
the  mere  iK'giiiiiing  of  elipinicfll  olimip',  to  n  rock  wliolly  wrppiitiiic.  1 
first  eiicoimteroii  this  rock  on  the  siniiiiiit  of  the  iiliitoini  nt  an  altitmh'  of 
2,000  foot,  nortlicast  of  I'asiiqiiin,  wIhtc  it  is  faiviy  frcwii.  The  foniiti- 
tion  is  again  foiiin)  near  UangTii,  and  on  Monte  1  nnicnso  it  is  Httli-  nItiTi'il, 
hilt  in  many  places  in  tlic  intervening  eoiintry  it  is  higJily  soriiontiniwd. 

Description. — In  the  fielil  thr  roe);  is  hlack,  usually  erunibly.  ami  is 
clmraetpriKOil  by  inniinierahle,  small  veins  of  inngncsite  ami  surl'ai-e 
inerustations  of  the  same:  it  imparts  a  very  ilreary  iis|»eet  to  the  country 
wliero  it  is  tlio  surface  rock. 

The  haml  specimen  is  quite  ilull,  compact  and  fine  grained,  however 
with  hrighter  patclics  of  from  'i  to  5  millimeters  in  diameter,  rarely  more. 
These  are  the  rliomliie  pyroxenes,  hronsiite  and  hypersthene,  more  enni- 
mimly  tlic  former.  The  luster  is  due  to  'Vhilhirimlion,"  a  well-known 
characteristic  of  these  minerals  in  the  basic  nR'ks  of  this  ty|ie. 

Mia-osco/nr- — Tn  thin  section  in  ordinary  light  thi'n'  are  large  areas 
of  a  yellowish,  glasfiy  mineral  to  lie  se<'n,  full  of  cracks  and  veiiilets. 
forming  a  mesh  structure;  occasional  irregular  st^ctions  of  a  colorless 
but  dirty  mineral,  markcil  hy  very  fine  and  close  prismatic  cleavage  are 
oheerved,  and  finally  many  irregidar  patches  of  magnetite  and  hcTmititc 
occur.  The  first  mineral  is  enstatitc,  characttrri/cd  hy  its  low  dmiblc 
refraction;  the  fibrous  material  in  the  cracks  forming  the  meshes  is 
serpentine;  the  large  sections  with  close  cleavage  am!  parallel  extimtiion 
constitute  hronzite,  in  part  changed  to  hastitc. 

This  slide  exhihits  one  of  the  four  characteristic  alterations  t.i  ser- 
pentine.    Below  is  an  analysis^  of  this  rock: 


Mgl) 
(JaO 
Na,0 


Up  to  this  time  this  rock  has  l)een  encountered  only  in  three  localities 
in  this  province — at  i)aiumat,  the  southernmost  point,  in  the  headwaters 
of  Caraon  Kiver,  and  at  Baruyen  Hill,  close  to  the  north  coa'it  of  LuKon. 

'Analjais  hy  L.  A.  Salinger,  Olirmical  DiviHion,  Bureau  of  Science. 
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In  the  first  and  laat  localities  named  it  is  found  in  fragments  or  blocks 
indefinable  from  the  schists,  without  any  apparent  connecttion  with  any 
other  similar  igneous  rock;  however,  at  Caraon  it  is  seen  as  a  great 
intrusive  mass  over  a  quarter  of  a  mile  in  width,  bordered  on  both  sides 
by  well-defined  schist  zones,  A  very  interesting  thing  about  this  in- 
trusive mass  is  its  various  phases,  I  have  traced  this  dike  across  the 
country  for  a  mile  or  so  and  have  seen  it  grade  from  a  quartz-feldspar- 
muscovite  rock  into  one  of  quartz  and  muscovite,  quartz  and  feldspar  with 
no  mica,  and  finally  into  a  phase  of  pure  quartz.  The  rock  is  quite  white, 
slightly  greenish  in  the  weathered  portions,  fairly  coarse  grained  and  it 
possesses  an  uneven  fracture.  It  consists  of  quartz,  fehlspar  (plagio- 
clase)  and  muscovite  niiea.  although  sometimes  the  micas  when  decom- 
pose<l  give  the  appearance  of  being  hiotite.  There  are  also  phases  which 
have  a  very  granular  appearance. 

Micmscopic. — The  rock  is  seen  very  largely  to  consist  of  quartz  in 
both  large  and  minute  irregular  grains  Some  feldspar,  usually  dirty 
and  cloudy,  occurs,  apparently  plagiocloso,  as  all  that  I  made  out  to  be 
feldspar  at  all  showed  twinning  of  the  albite  order,  I  was  able  to  find 
symmetrical  extinction  in  only  one  specimen  and  in  this  the  angle  found 
was  10°  to  13",  which  would  identify  the  mineral  as  an  oligoelase. 
Perieline  combined  with  the  albite  twinning  also  occurs. 

No  trace  of  micas  remains  in  the  slides  which  were  examined,  but 
dirty-greenish  aggregates  of  decomposition  products  only  could  be  ob- 
served ;  under  high  power  these  were  seen  to  be  very  minute,  low,  doubly- 
refracting  boilies,  which  may  be  zoisites  and  chlorites.  I  should  judge 
from  the  appearance  of  the  slides  that  there  had  been  a  considerable 
occurrence  of  deformative  stresses  throughout  the  entire  mass  from  which 
these  samples  came,  as  minute  granulation  is  quite  marked  throughout 
the  slide.  This  deformation  probably  dates  back  to  the  time  of  the  intru- 
sion of  the  mass. 


.S3+iir 
Trace. 


'  Analj'sis  by  Mr.  L.  A.  Saiingpr,  Chemicn]  Divis 
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The  main  road  from  Paaiiqum  to  Nagjiartian  follows  tlie  coast  and  just 
a  little  past  Bojcador  light-hoiino  it  cnts  through  a  spur  of  the  same  hill 
on  which  the  li^ht-hoiiso  stands.  At  this  ciittinf;  tho  rock  which  is 
exposed  is  a  light-colored  andesite,  very  like  some  phases  occurring  at 
Marivcles.  Tliis  flow  seems  to  constitute  the  main  part  of  the  rock  mass 
of  Cape  Bojeador,  I  regret  that  time  was  not  avnilalile  for  a  close  study 
of  tho  field  relations  of  this  flow ;  it  douhtiess  has  some  very  close  con- 
nection in  point  of  time  with  tho  "cniptivc  conglomerate,"  Many  of 
the  Imwhlers  and  fragments  in  the  latter  mass  arc  petrograpliically  rpiitc 
similar  to  this  flow.  I  found  no  other  sijnis  of  this  andesite  flow  any- 
where else  in  the  district.  This  flow,  in  all  prolnhilitv  is  to  Iw  correlated 
with  the  great  andesite  sheet  of  BcngTiet  dchcrilvcd  hv  Mr  A  T  Evehind,'"' 
formerly  geologist  of  this  Bureau,  with  a  similar  flow  m  Marimlucpic, 
and  with  that  of  Ccbu."  In  the  latter  i-latid  it  is  fouml  unconformahly 
above  the  upturned  and  truncated  coal  mtasurc-  and  Ik  low  the  orhitoidal 
limestone  capping.  I  shall  not  here  (nttr  into  a  dttaikl  description, 
as  farther  below  I  dcacribc  sections  of  ))ractieally  itlentical  mcks  from 
the  "eruptive  conglomerate." 


A  long,  narrow,  hlack  and  exceedingly  forbidding  ridge  begins  near 
Cape  Boj'eador  and  extends  due  east  therefrom  for  .'teveral  miles  at  an 
elevation  of  1,500  feet;  it  is  composed  of  mafis<'s  of  lava  Wwldcrs,  some 
rounded,  more  of  them  angular  and  fragmentary,  all  in  a  very  mixed 
condition  and  in  a  matrix  which  is  also  of  volcanic  origin.  For  purposes 
of  convonicnce,  and  from  its  analogy  to  a  similar  formation  in  Borneo 
described  hy  Verbeek,'  I  have  callwl  this  an  ervptivr.  congUmcraie,;  it  is, 
more  strictly  speaking,  an  agglomerate. 

A  lino  of  much  lower  hills  also  exists,  ext<?nding  eastward  between  the 
main  road  and  the  coast  as  far  as  Baruyon  Hiver;  those  hills  are  of  the 
same  material.  The  manganese  oxide  which  will  be  discussed  in  sub- 
sequent pages  occurs  in  the  minute  veins  lietween  th<!  harder  fragments 
in  the  decomposed  matrix. 

Plato  V,  fig.  5,  is  a  view  taken  from  one  portion  of  this  ridge,  looking 
down  on  the  low  country  near  the  coast.  Some  trails  in  the  uncut  jungle 
are  more  difficult,  but  apart  from  these,  this  one  across  this  ridge  is  the 
roughest  one  which  it  has  l)een  my  lot  to  travel  in  the  Philippines.     I 

'Evelanil,  A.  J.;  Geology  and  geoKrapliy  of  the  Itogiiio  Mineral  District,  to 
be  published  in  tlie  next  number  of  tltiis  Journal. 

'Smitll,  W.  D.:  Physiopirapliy  of  Cebu  Island,  this  Journal  (1!10(1|,  1,  1044. 

'Verbeeb,  R.  D.  M. :  Die  EcK-;inforiiiation  von  IWneo  nnd  ilire  Ver»tein- 
ervingen,  Cassel   (1875),  7. 
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looked  m  \&m  for  sonip  liigii  f  an  nil  vent  some  e\tmct  crater  hIiicIi 
would  throw  light  on  the  punt  of  origin  of  thiw  formation  A  clo^e 
examination  o(  the  rulgc  itself  shotttKl  some  crater  like  Icpresijoni 
always  mcompkt*.  but  I  finally  deci  led  that  ill  >f  thwe  forms  coni  ] 
Iw  produced  m  the  orlinary  processes  of  erosion 

Next  I  tumel  to  the  coast  Hero  1  found  ash  k  Is  eelimentanea 
and  la\a  flows  hit  no  sign  of  an  txtinct  crater  \fter  the  stuily  of 
this  portion  of  tht  country  the  Babn\anes  Island'!  ind  their  circular 
arrangement  highly  '.uggestne  of  a  drowned  crat  r  occurred  to  nie 
The  distance  and  the  fact  that  ele\ation  and  not  subsidence  has  been 
the  rule  in  this  region  precluded  mj  making  uie  of  their  e\istLnie  to 
explain  the  master)  Later  I  examiml  the  roughh  circular  flat  bqt 
tonied  \allej  in  which  Xagijartian  lits  It  is  not  at  all  iniprohahlc  that 
this  valley  now  filled  with  sehnient  may  at  one  time  ha\e  leen  the 
vent,  or  it  niai  hive  contained  <ne  or  more  \entB  from  which  all  this 
eruptive  mat  nal  issued  Several  different  col  rs  and  textures  of  rock 
were  found  among  the  howlderh  but  they  are  all  petrographicalh  esaen 
tially  the  bame 

In  the  haul  specimen  the  rock  is  grayish  to  icldish  hard  somewhit 
vesicular  finegrainol  with  an  aphanitic  groiinlmisa  rontiimng  fellapai 
plienocrysts  of  1  to  2  millinieters  m  length 

Microscopic — Ihe  slide  contains  plagncloso  feldspar  and  augite  in 
a  fine,  andesitic  groundmass  that  is  a  mass  consisting  of  mmute  lath 
shaped  feldspar  crystals  so  arranged  as  m  places  to  show  a  listmct  flow 
structure  The  angles  of  the  feldspar  phenur^sts  nere  tound  to  varj 
from  ao"  to  Jl°  and  aa  these  were  symmetrical  angles  measurel  on  the 
alhite  twinning  they  indicate  that  labradoritc  is  probably  the  particular 
one  of  the  series  constituting  this  rock  Occasioml  Carlsbad  Ba\eno  and 
Periehne  twins  were  noted  7onaI  growth  is  quite  common  (PI  \I 
fig.  6)  The  other  phenocrjstic  constituent  of  the  ilile  is  augite, 
often  exhibiting  good  basal  sections  with  prismatic  twinning.  In  pris- 
matic sections  extinction  angles  no  higher  than  40°  were  noted.  Mag- 
netite accompanied  by  hematite  stains  occurred  almost  entirely  in  some 
slides  ingrown  with  the  feldspars,  in  others  it  was  confined  to  the  ground- 
mass.  The  writer  has  examined  almost  identical  rocks  from  Baguio, 
Benguet  Province.  The  similarity  to  the  recent  volcanics  of  western 
America,  Alaska  and  Japan  and  in  fact  of  many  parts  of  the  Philippine 
Arehipelago  is  very  noteworthy,  making  it  appear  to  be  quite  evident 
than  the  great  Pacific  Arc,  or  at  least  the  northern  part  of  it,  is  one 
petrographic  province  as  indeed  Mr.  Becker  *  has  already  suggested. 

'.  21at  An.  Rep. 
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The  cvirtonce  is  iiluitifiil  of  tlmru  linviiis  l>w'ii  coiisidi'rablo  dynaniio 
mt'taiiiorphisiii  in  foriiKT  tiniL's  in  tliis  rogiim.  It.  is  not  local,  but 
regional,  for  tluTL'  are  very  ft'W  parts  of  tiie  Areliiju'liigo  whieli  do  not 
exhililt  it.  In  the  Iloeos  c-omitry  the  metiiniorphisni  can  1k'  eonsidenit 
under  two  heads,  as  follows : 

Scrpentinization — dominated  by  elioniieal  alteration. 

Formation  of  schists — tloininatod  hy  physieal  re-fonnnti(ni. 

I  have  not  yet  seen  any  ovidenee  of  tliere  bein^r  eontaet  metamnrphium, 
althongh  I  expeet  it  to  he  disnivei-eil  after  further  search,  and  then 
somewhere  along  tlie  border  of  the  granite  (f.  n.). 

Serpent ini nation  is  by  far  the  nn)st  important  from  an  ei'onomie  stand- 
point, and  tlierefore  it  will  first  be  ecnisidered.  Nearly  every  hand 
specimen  of  the  basal  rock  in  the  distriet  shows  some  alteration,  and  this 
alteration  is  usually  to  serpeutiiie.  The  jishestos  dtposita  ociur  in  veins 
and  pockets  in  the  fractured  serpentine  massi-.  This  Mipcntinination 
is  quite  common  in  I'liilippine  basic  rocks ;  I  hiWL  mi  n  it  on  Hatan  Island, 
and  along  portions  of  the  Zauibale«  coast.  Mr  Rttkd  alw>  tdes  several 
other  localities.  In  llocos  Norte  it  is  more  pronountcd  on  the  Dungn- 
Dungon  estate  on  the  Haniyen  Ifiver.  At  Dalumnt,  utar  I'usmpiin  and 
in  fact  wherever  the  pyro.\enite  mass  in  exjuisid  some  degree  of  Ber|>en- 
tinization  will  be  seen.  In  all  the  slides  si>  far  cxamniid  from  tills  region 
the  alteration  has  been  from  rlionihie  pyro.s'enc-  (See  I'l  ^  11,  (ig.  7.) 
I  have  noted  the  alteration  from  olivine  in  other  parts  of  the.  Islands 
but  not  here. 

The  pseudo-coiiylvmcralr  in  the  serpenliiic—VtiTy  charactiTistic  fiai- 
turcB  of  the  s(.'rj)entine  formation  are  in  the  lire<*iatioii  anil  the  con- 
glomeratic ap])earance  in  many  localities.  1  have  called  this  type  of  rock 
a  pseudo-eongloineratc.  This  broken  and  bowldcry  («ndition  is  (piite 
marked  and  is  tonfined  largely  to  the  borders  of  tlie  mass,  ahmg  or  near 
the  schist  zone,  Some  of  the  fragments  are  sinall,  angular  blocks ;  others, 
immense  rounded  bowlders,  "yiiekeiisides"  is  a  very  cliaracteristie  fea- 
ture in  this  part  of  the  formation,  and  the  brecciation  in  this  and  tbc 
jasper  formation  afford  ample  proof  of  the  tremendous  dynamic  move- 
ments in  this  region.  That  these  dynamic  forces  are  still  at  work  is 
quite  probable,  as  Luzon  is  subject  to  f  reijuent  earthquakes,  although  it  is 
true  that  this  part  of  the  island  is  less  liable  to  have  them  occur  than  the 
regions  farther  south.  The  ]>hotograph  (I'l,  V,  fig.  8)  is  of  this  pseudo- 
conglomerate  near  the  Baruyen  Itiver  at  Baruyen  Hill. 

The  schists. — Schistose  rocks  are  apparently  scattered  quite  generally 
throughout  the  length  of  Luzon,  as  well  as  in  the  other  islands  of  the 
group;  naturally,  they  are  confined  to  the  mountainous  [jortions  where 
there  has  been  a  considerable  amount  of  dynamic  movement.     In  llocos 
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Norte  we  find  thtm  m  a  narrow     irregular  belt  bordering  the  granite 
(t   n  )  dikt  which  runs  riughh  north  and  south  across  the  country 

\t  Dalumat  I  found  niagnttite  talc  mica  (several  species)  actmolite 
and  chlorite  Bchisth  all  m  a  \erj  much  disturbed  and  ini\ed  conditi  n 
hut  in  this  region  the  mici  anl  talc  Bchiats  prevail  farther  to  the 
north  near  Dungn  Dungon  magnetite  schiita  are  better  developed  and 
there  is  also  a  very  feeble  development  of  eclogite  I  found  from  my 
.  study  of  Bchists  and  eclogiteh  from  the  Coast  Ranges  of  California 
that  the  metamorphibm  of  sedimentary  rotks  u-iuallv  produced  gne  s«es 
and  bchists  whereas  the  eclogiteii  could  in  some  cases  at  least  be  trieed 
back  to  an  igneous  ante'cedent  However  in  the  Ilocos  N^orte  region  I 
ha^e  not  m  mind  a  single  instance  where  I  could  actually  trace  these 
transformations  m  the  field  Ihi^  much  and  only  this  we  can  be  sure 
of  at  the  present  time  that  it  that  the  miea  and  talc  'ichists  are  founl 
I  etwee n  the  j,ranite  (f  n)  intnisne  mass  and  the  later  sediments 
the  magnetite  schists  anl  tdtgites  an  m  re  intimately  associated  m 
the  fiild  with  the  basal  ij,nt'ous  miis  usually  near  itu  edges 


Actinolite  sc/iwfis.— These  are  to  be  found  in  ])ate-hes  everywhere  border- 
ing the  seqjentino  area.  Some  of  the  rocks  are  entirely  made  up  of  long 
actinolite  crystals,  while  in  others  actinolite  is  only  one  of  the  several 
constituents.  Slides  from  two  different  rocks  from  near  Pine  View  Point 
were  examined.  The  first  one  consists  largely  of  a  mass  of  actinolite 
fragments  with  interstitial,  more  or  less  rounded  feldspar  grains,  rarely 
showing  poly  synthetic  twinning,  the  whole  complex  with  every  appearance 
of  having  been  derived  from  a  sediment;  extreme  granulation  is  a  fea- 
ture of  this  rock.  The  second  one  is  made  up  almost  entirely  of  actin- 
olite with  probably  some  interstitial  chlorite.  In  parallel,  polarized 
light  the  actinolite  shows  marke'd  dichroism.  a  =  colorless.  c  =  olive 
green.  The  actinolite  does  not  occur  in  whole,  unbroken  crystal  sec- 
tions, but  is  in  a  very  much  frayed  state,  in  fibers  which  are  the  result  of 
breaking  along  the  cleavage  lines  parallel  to  c. 

Mica  and  mxcaceo-us  schists. — Nearly  every  species  of  mica  known  to 
mineralogy  can  be  found,  it  seems,  in  the  schistose  areas  near  Pasuquin. 
These  minerals  all  occur  in  small  pieces,  seldom  as  complete  crystals, 
they  occur  very  irregularly  along  shearing  planes.  The  lighter  mic^  such 
as  muscovite,  paragonite,  etc.,  and  micaceous  talc  seem  to  predominate. 

In  the  cut  which  Mr.  Burdette  has  put  into  the  side  of  the  hill  at 
Dalumat,  I  saw  pockets  of  nearly  all  species  of  mica,  but  always  in 
a  more  or  less  comminuted  condition.  These  micas  could  very  possibly 
be  manufactured  into  lubricants  and  paints.  One  green,  chlorite  variety 
should  find  some  use  as  a  paint  in  these  Islands,  partieulary  in  decorating 
the  frames  of  the  numerous  cheap  pictures  of  saints,  etc,,  which  the 
Chinese  sell  to  the  natives.     According  to  "Mineral  Industry"  for  1905, 
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scrap  mica  finds  commercial  use  for  Itoiler  and  pi])e  lagging,  for  roofing 
and  fireprooflng  materials,  as  a  luljricant  and  for  decorative  work,  wall 
papers  and  paints.  If  any  small  shifts  should  be  found  they  could  Iw 
worked  up  into  "niicanite,"  now  extensivfly  employed  in  insulating 
curtain  parts  of  dynamos. 

Extensive  development  of  mica  schists  occur  in  this  region,  paragonite 
and  margaritu  being  tlie  predominant  micas. 

Scales  of  this  white  mica,  when  viewed  in  a  petrographlc  microscope, 
show  a  fine  interference  figure  with  an  axial  angle  of  37°.     A  qualitative 
analysis  demonstrates  the  presence  of  sodium  and  calciinn,  so  that  w*; 
prohably  have  both  paragonite,  the  sodium  variety,  and  margaritc,  the  ' 
calcium  niiea. 

Magnetite  schist. — Many  outcrops  of  schists  occur  in  the  vicinity  of 
the  Baniyen  River  and  magnetite  schist,  in  which  the  magnetite  cubes 
and  octahedra  attain  a  diameter  of  10  millimeters  or  more,  is  found 
among  these. 

Epidote-magnetite  schist. — This  rock,  in  thin  section  conhists  largely 
of  a  felty  mass  of  actinolite  and  chlorite  with  phen<K.'rvst8  of  magnetite 
and  epidote.  The  magnetite  occurs  in  diamond  and  octagonal  stitions, 
also  is  rounded  and  irregular  grains;  the  epidote,  in  idiomorphit  crystal 
sections  is  on  the  average  O.C?  by  0.08  millimeter.  ThesL  t]»idotes  are 
distinguished  by  high  relief,  parallel  extinction  and  tht,  characteristic, 
irregular  fracture.  The  difference  in  absorpton  along  tin.  a  and  b  axes 
is  as  follows :  a=;eo!orless,  b=8traw  yellow. 

Conclusions  in  regard  to  the  seJiists. — It  is  quite  possible  that  some 
of  these  schists  may  be  metamorphosed  ancient  sediments,  although  this 
is  not  very  probable.  The  prt^umption  is  that  they  are  of  very  recent 
origin.  We  doubtless  have  as  much  reason  for  placing  them  in  the 
Archcan  as  have  some  writers  in  the  case  of  the  crystalline  schists  of 
Formosa,   liut   there   is   absolutely   no   paleontologic   evidence   in    either 


The  following  sedimentary  formations  are  found  in  this  region,  flank- 
ing the  basal  core  of  the  rocks  and  in  some  places  as  residual  patches,  in 
tiers,  resting  upon  the  older  formations : 

Th«  order  is  from  above  downward,  and  only  tentative,  as  contacta  or  sections 
including  more  than  one  formation  are  very  infrequt^nt. 

Kaised  coral  reefs. 

Marl  beds. 

Orbitoidal  limestone. 

Ash  beds  with  sandy  shaieB  alternating. 

Calcareous  sandstone. 

Coarse  grained  sandstone  and  shale  beds  alternating. 

Ferruginous  cherts  and  slates,  jasper. 

•Outlines  of  the  (ieology  of  ,Tapan,  Tokyo   |H)02),  26,  33. 
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in  discussing  these  formations  it  will  be  best  to  begin  with  the  one 
which  is  stratigraphieally  the  lowest. 

The  Jasper  Formation  (Dungn-Dungan) . — This  formation  was  first 
discovered  on  the  Dungn-Dungan  estate,  and  it  has  derived  its  name 
therefrom  It  is  perhaps  tht  moit  inttrcstmg  )f  an>  with  which  this 
paper  deal*  It  is  exd-clmglv  hmited  m  it*-  outcrof  pingu  and  quite 
variable  m  its  phasts  ntver  bemg  encountirel  ah  a  ontinuous  forma 
tion  but  onlj  at.  isolated  outcrops  which  reveal  little  or  nothing  as  to  ite 
position 

On  the  left  bank  of  the  BannLn  Encr  ahtut  200  fett  up  the  slope 
seemmgh  projecting  out  of  thL  talus  of  a  hill  which  I  know  to  haie 
a  serpent  no  core  i**  an  outcrojpmg  of  thi  formation  here  it  appears 
tc  possess  more  the  character  of  a  slitc  the  fl  sile  slalu  \arying  m 
thickness  from  5  millimeters  to  several  centimeters  It  is  cf  a  dirtv 
red  color  fine  grained  anl  comput  The  slals  are  evceedmgl^  harl 
but  casilj  break  jfE  urth  a  ringing  sound  In  the  Carann  Rner  thi"? 
formatijn  is  very  much  brecciatel  (PI  "\  II  fig  1)  but  th  angular 
fragments  have  Veen  firmly  recemcnted  Float  lonklers  were  seen  in 
this  same  tream  thty  irt  whoUv  without  ftructurc  anl  in  color  are  i 
brilliant  red  resembling  \erv  nuch  the  laspcr  a'lsotnted  with  the  hcma 
tite  deposits  in  Michigan  and  M  nnesota  in  the  United  States  The 
resemblance  of  some  phases  of  this  f  rmati  n  to  the  radiolarian  chert  of 
the  San  Francisco  peninsula  which  I  have  seen  alw  lei  me  to  make  some 
secti  ns  with  the  following  results 


In  thin  section  this  rock  is  seen  to  consist  of  a  (ine-grained,  amorphous 
groundniass  of  ehalcedonic  silica,  eopiusly  stained  with  oxide  of  iron, 
with  almost  innumerable  round  and  oval  areas  which  are  more  or  less 
clear.  (PI.  IX,  fig.  10.)  In  ordinary  light  the  whole  section  resembles 
sections  of  some  of  the  radiolarian  eherts  of  the  San  Francisco  penin- 
sula," to  judge  from  my  memory  of  them  and  from  descriptions. 

Between  crossed  nieols  these  areat  are  seem  to  he  filled  with  a  doubly 
refracting  material  which  often  exhibits  undulating  extinction,  and 
which  IS  in  a  more  or  less  graJiulatetl  condition ;  by  using  a  higher  power 
(number  4  objectnc,  3  ocular),  it  is  clearly  evident  that  this  granulated 
matenal  with  ever\  optical  charactei  of  ehalcedonic  silica,  constitutes 
both  the  groundniass  and  the  clear  areas      (PI.  VIII,  fig.  11.) 

I  quote  somewhat  at  length  from  Mr    Lawson's  paper "  because  of 

"  Lawaon   A   C      (>polog>  cif  tlie  "^j-ii  Itj.iilihh)  Peninsula,  15  Aita.  Ri:pt.-U.  fi. 
G   S     420-12e 
"  Lac.  cit. 
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the  similarity  I'xistiii};  bt'ttttt'ti  tlu'  phi'inmii'iiu  juvst'iiti-'ii  Iutl'  and  thost; 
obstTvwl  in  thu  Sail  Fniueisto  rotkB,  ami  alwi  Itixanec  of  the  cxcullenm 
of  his  petrojrrapliici  (Icscriptions : 

"When  u  suitable  aerira  uf  tlicxc  cherts  in  vii-wiil  in  tliin  xM'liun  iiiiiltT  tli<' 
minixcopi:'  a  Rradiitioii  may  bf  obMcrvcd  fruin  tlio«e  wliicli  are  coiiiiicweil  itliniMt 
ttlioll.v  uf  Hitiur|iliuiiH  or  lEotropic  ailiwi  tu  tliime  ivliicli  wre  liiiliHTyxtiilliiiv  Hftf."^'- 
(;»tes  uf  quartz  t;raiiulBt.  In  the  must  iHiitru|>i<-  Hertiiiti"  tlicrt'  arv,  lioivever. 
iiutiHTous  iTiimite  Bcattpreil  piiiiitrt  in  tin-  flchl,  vvliieli  imliiriiH'  linlit.  Tlii'ac  uiti 
not  be  He|iiiratecl  in  uiiy  Hhui'|)  wiiy  by  tbi>  liifflu'st  {xiucrH  from  tbo  iwitro|iic  liiiw-. 
Tbey  uru  not  inclnsionx,  but  centcrH  uf  inci|iiiiit  I'rystalliiuitioii  in  tlie  umorpbiniH 
rock.  Tliey  c»rres|KiU(l  to  the  [Uutliicta  uf  ilcvitrifiv.if iini  in  (^Iiom.  hi  olbcr 
slides  tliew  centorn  of  crvHtnllimtion  are  miieli  niiue  tliickly  crowiidi,  ami  detiiiitc 
areoH  conijiosi-d  of  interiockiiif;  ((miiulcR  of  quartz  iijipmr,  intertiit^kin^.  iiIho,  willi 
tlie  ixotropic  base.  The  actual  buuntlarim  of  tliem'  arfu>i  can  be  niadc  out  only 
witb  difficulty  and  uncertainty,  owin^;  to  tlie  fiiet  tliiit  tbe  <|intrtK  j^riinuU'H  are 
churacteriaeil  by  a  mulcviilar  ten»ion.  wUlcb  reHiiltit  in  an  iinilubilnry  e^tinctiun 
aM  tbe  Hta^  is  reHulveil  between  ctohmxI  nicolx.  In  Htill  oilier  hHiIch  tbcxe  ureaH 
uoaleKce  and  the  proportion  of  amurphonn  Uhhc  to  tli<>  wliule  roek  iK-euniea  very 

'■Kcattercd  tbiuugh  tlic  slides  of  tbcsc  ullvrt-.  wbctbcr  tbey  !«■  iiniorphmw. 
BcniicryBtnlline,  or  holucrystaliine,  there  iniiy  UMUUlly  Ih"  ulwervnl,  in  iirilinary 
ligbt,  circular  or  uval  elear  H|mci-8  or  clear  rinfjn  frii"  frinn  |ii(imi'iit.  li<'twit-ii 
crossed  nicols  tlicse  clear  spaws  are  seen  to  be  occupied  by  cbak-eduiiy.  Tbey  are 
the  caats  of  llodiolaria,  and  occasionally  reiununtH  of  tbe  spines  and  latticework 
may  l>c  detected.  Tliese  arean  and  rings  are  iiHilally  more  sliarpty  definiil  in  ttie 
amorphuns  cherts,  and  arc  somewhat  indefinite  in  outline,  yet  distinct  as  areas, 
in  tbe  liobicrystnlline  varieties.  In  tbin  section  they  arc  most  readily  obsi-rved  in 
the  red  cbcrts,  by  reason  of  the  contrast  which  they  make  with  tli<'  pi)^iiented 


"it  thus  ■^e^■l(ls  tn  the  writer  Uiiit  tlie  liiilk  of  the  Hiliea  ean  not  W  proved  to 
be  the  extremely  altered  dfbris  of  Itadiolaiiv.  Tlie  direct  petroKiapliical  suff- 
gestiun  is  that  they  are  ciieniical  precipitates.  If  now  we  accept  tbis  hypotbesis, 
it  becomes  apparent  that  there  are  three  possible  aonrws  tor  the  silica  so  preci- 
pitated, viz:  (1)  Siliceous  springs  in  tiic  Imttom  of  the  ocean,  similar  to  those 
well  knuwn  in  volcanic  rcKinns:  |2)  radiularian  and  other  siliceous  reinainH,  wlileh 
may  have  become  entirely  disHilveil  in  sea  water;  and  (3)  volcanic  ejectamonta, 
which  may  have  become  similarly  dissolved." 

I  believe  that  thcst'  elcar  spaces  in  the  Ilocos  Norte  slides  do  not 
represent  individual  casts,  for  I  find  no  trace  of  "lattieework"  and  but 
little  to  compare  with  the  spines  found  In  the  California  cherts;  in  fact, 
I  think  those  clear,  circular  and  oval  areas  represent  pores  in  the  touts 
of  such  Naeselarians  as  Podocrytis,  Bothryonampe ,  ete. ;  as  yet  I  have 
been  imablc  to  make  any  sp(.'cific  determinations  from  these  sliiles. 

Tlie  Bangui  Sandstone. — On  the  slojjes  of  Monte  Inmenso  I  found  a 
very  coarse-grained,  friable  sandstone  the  l>e(ls  of  which  on  the  average 
measure  3  feet  in  thickness,  dipping  at  rather  high  angles,  from  45° 
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tf  (5  These  san  Jat  nt  Ic!  alternate  with  tl  n  ■-eanis  of  hile  of 
from  2  to  6  inches  m  thicknes  The  san  Ktone  ih  c f  a  flirti  bn)wn  color 
while  the  shale  !&  more  of  a  huff  1  oth  the  sandstone  an  J  the  shale  appear 
U  be  unfossiliferouB  as  a  d(!]j,ent  search  for  fossils  was  unre«arded 
eien  by  the  poorest  cast  fr  fragment  of  a  shell  or  of  vegetable  matter 
There  also  appeared  to  bt  no  congbmerate  between  the  sanl=!tone  and  the 
underl>]ng  serpentine  n<r  wa«  anj  indication  of  contact  metam  rphiini 
Msible 

The  resfmblanct  ltt«een  this  sandstone  and  some  phages  (f  the  San 
Francisco  formation  in  the  Coast  Range  near  San  Francisto  at  once 
impressed  me  ■  however,  from  tbii  we  need  not  argue  any  close  connection 
•la^e  that  the  sedimente  originated  from  the  degradation  of  similar  rocks 

I  ha^e  called  this  formation  Bangui  Sandstone  beiause  of  its  tvpical 
occurrente  near  that  pueblo  where  however  it  is  exposed  m  a  more  hon 
zontal  position,  in  a  great  cliff  of  60  feet  or  more 

Pa'mqum  arenaceous  Limestone  Formation  — An  arenaceous  limestone, 
dipping  on  the  average  of  "^5°  to  thp  ea  t  and  sjuthiait  is  encoimtered 
m  going  across  the  rner  at  Paiujiiin  m  a  northeasterly  direction  the 
trail  up  the  hill  approximateh  (rosaes  the  strike  of  the  beds  the  cutcrops 
ot  which  foim  a  sucression  of  small  terraces  or  steps 

The  onh  indications  oi  fossils  which  I  encountered  were  a  series  of 
snike  like  markings  which  stiwngh  resemble  similar  impressions  in  the 
Cambrian  sandstone  However  some  of  these  m  the  Pasuquin  tormation 
are  larger  than  any  the  writer  has  yet  seen  in  some  instances  thej  ^^e 
nearly  2  inches  in  dnmeter  and  se\eril  feet  in  length  Se^eril  amall 
casts  of  tthit  I  believe  to  le  Pteropoda  were  founl  m  fact  one  of  these 
18  unmistakably  a  epeciee  of  Chodoia 

I  am  told  b\  Mr  Burdette  who  knows  this  ccuntr\  perhaps  htttir 
than  anyone  elhc  that  thi6  formation  can  be  fallowed  m  a  semiciniular 
course  all  the  wa>  to  Bangui  with  the  igneous  mass  to  the  left  and  the 
sedimentanes  to  the  right 

The  Negra  Tuff  and  isk  ("■(i'.— Two  of  the  most  conspicuous  points 
scenically  as  well  ai  geologtcilh  along  the  entire  north  coast  >f  Ilocos 
Norte  are  Pnnta  Negra  and  Punta  Blanci  which  is  ver^  clise  to  the 
former  Exposure  of  beds  of  tuff,  sandstone  an  1  shale  iltemiting  occur 
at  these  two  points  I  estimated  the  cliff  of  Punta  Blanea  to  be  150 
feet  high,  a  sheer  wall  the  beds  being  approximately  horizontal  A  short 
distance  to  the  ea^t  opposite  the  place  where  the  manganese  is  being 
opened  up  these  same  beds  are  tilted  at  a  high  angle  (PI  \,  fig  12  ) 
Below  is  a  sketch  of  the  exposure  along  this  part  of  the  coast : 
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To  judge  from  the  sequence  of  sediments,  there  were  evidently  periods 
ot  normal  erosion,  alternating  with  times  of  volcanic  activity,  which 
resulted  in  a  shower  of  pumice  and  lapilli  coming  from  some  unknown 
source;  in  any  event  there  must  be  some  close  connection  between  the 
origin  of  the  "eruptive  conglomerate"  and  the"  tuff  beds. 

This  north  stretch  of  the  coast  is  exceedingly  rugged  and  wild,  having 
been  likened  by  a  Scotchman  residing  in  Nagpartian  to  the  scenery  along 
his  own  coast  of  Scotland.  If  at  times  some  of  the  little  coves  do  not 
harbor  a  smuggler  or  two  it  is  the  fault  of  the  smuggler  for  not  taking 
advantage  of  exceptional  opportunities.  With  the  exception  of  a  boat 
of  the  Compania  General  de  Tabacos  de  Filipinas  once  a  week,  only  small 
native  virays  are  seen  in  those  lonely  waters. 

Punta  Negra  and  Funta  Bfanca  OrUtoidid  Limettone — Overlying 
and  unconformable  to  both  the  ash  beds  and  the  raanganiferou^  eruptive 
material  on  the  coast  between  Puntas  Negra  and  Blanca  there  is  a  lime 
atone  capping  to  the  hills,  the  remnant  of  nhat  was  at  one  time  a  more 
extensive  formation.  This  limestone  is  ier>  coarse  gramel  vesicular  and 
ie  largely  made  up  of  triturated,  hard  parth  of  various  shell  bearing  mver 
tebrates.  Among  the  numerous  foraminiferal  te^ts  to  be  seen  m  the 
slides  from  this  roek,  those  of  Orhitoidet  belonging  to  the  I eptdocychne 
group  are  seen,  these  are  of  the  same  species  as  the  ones  from  many  other 
parts  of  the  Islands,  and  they  agree  ver\  closelj  with  /  tn'iulae-natalif, 
Chapman  and  Jones,  from  the  reef  limestones  of  hew  Hebrides'  and 
Christmas  Islands.''  This  limestone  is  Miocene  and  it  is  equivalent  to 
the  upper  limestone  of  Cebu,  of  Mindanao  and  central  and  southern 
Luzon.  Although  I  have  not  been  able  to  folkw  these  formations  \er\ 
continuously  in  the  field,  I  place  this  limestone  as  being  \oun^er  than  the 
ash  beds  of  Punta  Negra,  and  older  than  the  marl  bo  h  of  Bacarra  and 
Laoag.  There  is  some  very  interesting  stiatigraphv  to  be  worked  out 
at  this  place  in  the  future. 

Laoag  Marl  Beds. — Some  low,  roundel  hiDs  hardh  larger  than  good 
sizetf  dunes,  but  which  are  remnants  of  a  higher  land  are  encountered 
on  the  highway  between  the  towns  of  Laoag  and  Bacarra  A  road  cut 
through  one  of  these  in  one  case  gives  a  section  of  about  40  feet  showing 
a  cream-colored  to  brownish,  sandy  marl  whith  contains  lome  remarkably 
preserved  and  fresh  looking  fossil  shells.  These  belong  to  the  follow  ing 
genera : 


"Chapman,  Frpd:  Notes  on   tlie  Older  Tirtiary   Friraminifpral   Rooks   on  the 
West  Coaat  of  Santo,  Neiv  Herbvides,  Froc.  Linn.  Soc.  N   S   Wales  (1905),  2,  271. 
"Mon.  of  Christinas  Island,  Brit.  Mus.  Nat.  Hist.  (1900)    242 
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As  nearU  as  I  could  awertain  tlieae  beds  are  horizontal  I  should 
saj  to  judgi  from  thb  inclutlwl  forms  tliat  t!ie  deposit  is  of  shallow 
water  origin  but  not  \Lrj  tloBL  to  tbi  littoral  Despitt  thtir  low  topo 
graphic  position  I  consider  fhete  beds  stratigrapliically  to  be  above  both 
the  Pasuqum  and  the  Bangui  formations  and  fniin  the  \ery  retent 
appearance  of  all  the  fossils  and  their  close  rtlationship  to  forms  now 
living  in  the  Philippine  sias  mth  ^thah  I  ha^c  compared  most  of  thtm, 
I  shall  pro\ iBionall)  rtfer  tluiu  to  the  I'hi-iiocene 

Raised  Coral  Beeft  (C  urntnao)  — Onl)  bare  mention  will  hL  made  of 
these,  as  I  could  only  note  them  in  passing  snihce  it  to  say  that  coral 
reefs  elevated  to  the  f\tent  of  10  to  1^  feet  above  high  tide  exist  close 
to  the  waters  edge,  and  behind  these  the  topography  by  its  terraced 
appearance  indicatee  the  existence  of  one  or  more  raised  ehelvee  at  alioiit 
100  feet  elevation  and  possibly  a  stilt  higher  one 

I  have  not  made  a  quantitative  stiidv  of  the  hpecies  in  the  raised  and 
living  reefs  but  even  a  cursory  studv  shows  them  to  be  qiute  aimilar 
Much  light  IB  tlirown  on  the  formation  of  our  great  limestone  btds  in 
the  Philippines  M  a  close  examination  of  these  raised  reefs  In  the 
limestone  in  many  cases  a  great  branehmg  coral  head  may  be  se-en  stand- 
ing upright  ami  m  the  same  position  in  which  it  grew  surroundeil  In 
a  hardened  matrix  of  limestone  which  consists  of  hardened  coral  sanil 
and  whieh  contains  fragments  of  corals  and  shells  '^pl^e8  of  Kchmo 
lUrmata  are  alwajs  plentiful  in  this  matrix 

Ihese  laised  retfs  have  a  Atrj  even  upper  surface  due  to  the  manner 
of  growth  of  corals  I touhtlesj.,  they  ha\e  not  Ixen  long  in  their  eievahd 
position  for  it  18  well  known  that  these  reefH  rapidly  harilen  and  becomt 
strong  after  being  txposed  to  tin  air  Mr  Bukit  "  haw  alread\  parti 
(uUrl;   ref.rTel  to  this  plunmien  n 


From  the  foregoing  it  is  evident  that  here  we  have  a  region  of  greatly 
varied  geology,  probably  exhibiting  more  diverwe  features  than  most  parts 
of  the  Archipelago;  it  is  primarily  a  district  of  metamorphism  and  this 
metamorphism  is  regional  rather  than  local. 

Upon  a  hatholith  of  diorite  there  were  laid  down  certain  sediments 
which  by  great  dynamic  forces  have  became  alterei]  into  entirely  new  rocks 
in  which  practically  every  mineral  has  been  formed  anew  out  of  older 
and  entirely  different  minerals.  Granulitc  dikes  have  enhanced  this 
general  metamorphism.  Still  later  over  all  those  basement  rocks  and 
crystalline  schists,  there  have  been  deposited  sediments  which,  though 
often  found  tilted  at  high  angles,  show  little  subsequent  change  in  their 

"G.  F.  Becker:  Geolngy  of  the  Philippines,  2Ut  An.  Rept.  V.  B.  Geol.  Sur. 
(1902)   561. 
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mineral  composition.  Among  tliese  sediments  we  find  limestones,  sand- 
atonee,  shales,  marls,  ash  and  tuff  beds.  Serpent ini zed  pyroxenite 
occurs  in  this  region,  but  it  is  diflicult  always  to  make  out  its  exact 
relation  to  the  other  formations,  it  iidoubtedless  of  a  laceolithie  nature, 
subsequently  exposed  by  erosion.  On  Plate  XI,  I  have  attempted  to  draw 
an  ideal  section  across  the  country.  It  must  be  considered  to  be  merely 
tentative. 

The  existence  of  marl  beds  with  very  recent  fossils,  some  of  which  still 
retain  a  trace  of  their  original  coloring,  and  extensive,  raised  coral  reefs 
containing  corals  in  no  wise  different  from  those  growing  in  the  adjacent 
water,  indicate  that  in  this  part  of  the  world  at  least  the  main  feature 
of  the  Pleistocene  was  not  glaciatlon,  but  normal  marine  deposition; 
there  was  also  imdoiibtedly  at  the  same  time  much  subaerial  erosion  and 
deposition. 

In  this  connection  1  wish  to  offer  the  suggestion  that  the  entirely 
unusual  emphasis  generally  given  to  glacial  deposits  as  the  chief  charac- 
teristic of  the  Pleistocene  is  quite  unwarranted.  In  many  parts  of  the 
world  at  least,  glacial  deposits  appear  quite  insignificant  to  those  who  live 
along  the  sea  border. 

In  conclusion  I  shall  again  draw  attention  to  the  remarkable  similarity 
between  the  geology  of  the  eastern  and  western  portions  of  the  great 
Pacific  arc.  Below  I  have  drawn  up  a  comparative  table  which  is,  how- 
ever, not  meant  to  be  more  than  suggestive.  The  right-hand  column  is 
taken  from  Professor  Lawson's  paper,  cited  aliove. 

Tdbk  of  eompiiratwe  etratl^ophy. 
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The  northern  part  of  ihii  pnninre  aIthoi:gh  not  let  a  minoral  pro- 
ducing (h\tnct.  bidb  fair  to  >itkl  Rome  rich  returns  first  of  all  from 
Its  non-metalliL  minerals,  and  possibh  later  fnnn  the  metalliftroiis  de- 
pnsits  which  m  all  Iikthhooi]  arc  alf-o  to  he  fnnml 

Dynamic  metamorptusm  winch  has  prevailed  throughout  moat  of  the 
region  is  directly  responsible  for  the  formation  of  man^  minerals,  both 
of  economic  \alut  and  otherwise,  which  are  not  to  Ik>  found  in  many  other 
parts  of  the  Islands  The  most  important  of  the  economic  deposits  ib 
asbestos,  a  coliettive  name  for  more  thin  one  mineral,  and  actinolite,  a 
calcium  hornblende  predominating  m  the  "^chi-its 

The  following  is  a  list  of  the  minerals  and  rocks  which  will  proWbl^ 
pro\d  to  be  of  greater  or  less  \aiue  AsbeHo^,  mangnneie  oiiJe  apnhte 
mica  and  talc,  ocher,  quartz,  fHtlxpar  and  building  stone. 

Asbestos  is  found  as  a  "stocl-werh"  or  ramifj'ing  vein  deposit  in  the 
serpoutine  formation  of  the  district;  the  manganese,  in  the  form  of  an 
oxide,  is  a  seilimentary  deposit,  concentrates  from  veinlets  ramifying  the 
eruptive  conglomerate  mass;  the  mica  and  talc  are  entirely  secondary 
formations  in  the  schist  zone;  ocher  occurs  as  a  concentrate  from  the 
weathereil  igneous  mass;  the  quartz  and  feldspar  form  a  part  of  the 
gvanulite  mass;  apatite  was  encountereil  near  the  granulite  dike,  its 
exact  relations  being  unknown.  Ituihlmg  stone  eneountercd  here,  liotb 
the  granulite  and  the  Pasuquin  calcareous  sandstone,  is  suitable  for 
certain  grades  of  construction. 

Of  course  we  must  continually  bear  in  mind  that  the  value  of  each 
and  every  one  of  these  products  depends  upon  the  market,  aft«r  the 
available  quantity  is  assured.  There  seems  to  lie  no  reasonable  doubt  but 
that  all  the  asbestos  which  can  be  mined  can  be  used  both  in  the  Philip- 
pines and  elsewhere,  as  the  production  of  this  mineral  is  not  at  present 
sufficiently  great  to  interfere  with  the  disposal  of  the  Philippine  product 
at  good  figures.  If  any  considerable  quantity  of  first  grade  fiber  in  opened 
up,  handsome  returns  should  he  realised  The  best  t'anadan  fiber  from  the 
Thetford  mines  brings  $80  (United  States  cnnonc^)  per  ton  and  the 
second  grade  from  $13  to  $50  '^  (New  York  prices) 

It  would  be  premature  to  saj  much  about  the  market  for  manganese 
oxide  but  we  are  reasonably  certain  of  one  thing,  there  is  no  local  demand 
for  it  and  whetlier  it  could  compete  m  the  outside  market  is  not  at  all 
certain;  furthermore,  there  ib  at  least  one  other  localit\  in  the  Islands 
which  will  be  a  competitor,  as  rc|>orts  by  various  engineers  and  prospectors 
assert  that  there  is  a  considerable  deposit  of  good  manganese  ore  in  the 

•'U.  «.  (/.  X.  I'rpCH  BuUptin    Monday    i    in      liil\  'I   \\'my) 
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Island  of  Staahate  an<l  a  dppOBit,  concerning  tlic  extent  or  grade  of  wliicli 
I  have  as  yet  received  no  reportR,  tins  l)een  cut  fliroiigli  along  t.lie  new 
road  from  Capaa  to  Iba  in  Tjuzon. 

There  can  l)e  no  qnestion  alwnt  the  aale  of  apatite,  the  phosj>lmte,  for 
it  is  always  valuable  as  a  fertilizer.  Tliis  mineral  and  tlie  organic 
phosphate  deposit,  guano,  are  sure  to  find  a  market,  if  not  at  prestmt  in 
the  Philippines  where  the  soil  lias  never  yet  l)een  deeply  disturbed  for 
agricultural  uses,  certainly  among  the  Japanese  linns,  who  should  take 
considerable  quantities. 

Mica  anil  tale,  as  they  are  encountered  in  these  deposits,  can  only  lie 
utilized  in  minor  ways,  snch  as  for  insulating  parts  of  electrical  appa- 
ratus, for  lubricants,  "frosting"  for  Christmas  effects,  etc.,  and  it  is 
doubtful  if  there  is  as  yet  any  local  demand  and  also  it  is  iniprobaldo  that 
there  would  be  any  great  call  from  the  outride. 

There  should  lie  a  good,  steady,  local  market  for  the  oclier  for,  if  I 
am  correctly  informal,  the  Manila  Chinamen  handle  greater  or  Icks  quan- 
tities of  the  red  and  yellow  mineral  paints.  If  the  day  of  huge  red 
bams  and  granaries  ia  ever  inaugurate)!  in  these  Islands,  then  there 
should  be  a  considerable  use  for  pigment  of  this  claaa. 

'['he  graJiulatcd  quartz  and  feldspar  might  be  made  use  of  in  the 
manufacture  of  glass,  which  is  just  being  b(^in  in  Manila,  and  in  the 
ceramica  which  are  already  being  manufactured.  Although  a  pure  quartz 
sand,  such  as  one  would  get  from  crushed  quartzitf^  would  be  better, 
doubtleaa  a  good  grade  of  silica  could  be  obtained  hy  aeparating  the  quartz 
from  the  feldapar  in  this  deposit  and  using  it  in  glass  manufacture, 
whereas  the  feldspar  could  he  employed  in  the  making  of  pottery. 

The  building  stone  would  uniloubtedly  have  to  depend  on  an  extremely 
local  demand.  The  Hongkong  granite,  a  decidedly  l>otter  and  prettier 
stone,  can  very  probably  be  imported  to  Manila  at  a  figure  which  would 
]te  the  same  or  leas  than  that  for  which  the  Ilocoa  Norte  granulite  could 
l)e  placed  on  the  market. 

Axhesiox. — The  asbestos  of  Tlocos  Tforte  is  of  two  varietiea,  the  "par- 
allel" and  the  '*cross  fiber,"  with  the  former  species  predominating 

The  "cross  fiber"  variety,  true  chrysotile,  has  up  to  the  present  seareeh 
made  its  appearance.  This,  it  is  hardly  necessary  to  state,  is  the  kind 
most  eagerly  sought.  The  "parallel  fiber"  aabestos  ia  a  varietj  of  mineral 
distinct  from  that  of  the  "cross  fiber"  and  consists  largely  of  the  minerals 
anthophyllite  and  tremolite,  both  amphilioles ;  the  latter  being  the  mineral 
chrysotile,  having  its  origin  in  serpentine.  The  anthophyllite  does  not 
necessarily  have  any  connection  with  serpentine. 

In  order  to  bring  the  differences  clearly  Ijefore  the  reader,  some  of 
whom  may  not  he  mineralogists,  1  have  culled  data  of  a  mineralogical 
nature  regarding  these  and  other  varietie.s  of  asbestos  from  the  best 
sources  at  hand. 
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According  to  Merrill,'"  tlicre  are  four  varieties  of  mineral  substances 
coming  under  the  general  term  of  "asbestos."     There  are : 
1.  True  asbestos. 
3.  Anthophyllite. 

3  Chr3sotile  (fibrous  strpintint) 

4  CroeiJolite 

Physical  cliarm  tcnUtrs  — 1  rom  Merrill's  Non  Metallic  Minerals 

Asbestos — Tlie  true  asbeitos  is  of  a.  uliite  or  gray  color  sometimes  greenish 
or  stained  yellonish  by  irrai  oude  Its  fibrous  structure  \a  lio»etei  its  most 
marked  cliaractenatic,  the  entire  mass  of  material  as  taken  from  the  parent  lock 
being  susceptible  of  being  shredded  up  into  line  fibers  sometimeH  scleral  feet  in 
length  In  the  better  varieties  tlie  fibers  are  sufficienth  elastic  to  permit  of 
their  being  woven  into  cloth  Often  however  through  the  effect  of  weathering 
or  other  agencies  the  hbers  are  brittle  and  suitable  only  for  felts  and  other  non 
conducting  materials  The  shape  of  an  asbestos  Hber  is  as  a  rule  polygonal  in 
outline  and  of  quite  uniform  diametei  often  however  the  fibers  arc  splinter  like 
running  into  fine  needle  like  points  at  the  e^tremitj  The  diameters  of  these 
fibers  are  quite  \ariable  and  indeed  m  many  instances  there  seems  no  practical 
limit  to  the  shredding  Down  to  a  diameter  of  0  002  millimeter  and  sometimes 
to  eien  0  001  millimeter  tie  fibers  retain  their  uniform  diameter  and  poljgonal 
outlines      Bejond  tliitt   louevei    tliej  become  splinter  like  inil  irregular  as  abiVL 

The  mineral  anthophyllite  like  amphibole  occurs  in  both  massive  pKtv  and 
fibrous  forms  the  fibrous  form  lieing  to  the  unaideil  eye  indittinguisliable  fiom  the 
true  asbestos 

(.hemicall>  this  is  a  normal  metasilicite  of  magnesia  of  the  formula  IMg 
JejSiOj  differing  it  will  be  cbserved  finm  asliestos  proper  in  containing  no 
apprcLiable  amount  of  lime  It  further  diffeis  in  en stallizatlon  in  the  ortho 
rhombic  rather  than  nionoclinic  sjsteni  a  feature  uhicli  >s  determinable  only  Ulth 
the  aid  of  a  micioseope  The  sliape  and  size  of  the  flbeis  are  essentially  tlie  sime 
as  true  asbestos  The  fibrous  laiietj  of  serpentine  to  nhich  the  name  asbestos  is 
commercially  giien  is  a  hydrated  metisilieate  of  magnesia  of  the  formula 
HiMgjSijO,  with  usuillj  a  part  of  the  ma^esia  replaced  I  \  ferrous  iron  It 
differs  it  will  be  obseried  Irom  asbestos  and  antho[iln llite  in  carrying  nearly 
14  pel  cent  of  comlined  uater  and  ficm  the  first  named  in  containing  no  lime 
Tins  mineral  is  in  most  cases  readily  diatinguislied  from  either  of  the  others  b> 
its  soft  silk  tike  fibers  and  further  by  the  fact  that  it  is  more  or  less  decomposed 
by  acids  4s  found  in  nature  the  material  is  of  Inelv  oil  yellow  or  gieenish 
color  compact  and  quite  haid  but  ma^  be  readily  reduced  to  the  white 
fluffy  fibrous  state  bv  beating  hand  picking  or  running  between  rollers  The 
length  of  tlie  flbei  is  quite  mailable  rarely  exceeding  b  inches  but  of  yer(  smooth 
uniform  diametei  and  gieat  flexibility 

The  mineral  crocidolite  although  somewhat  resembling  fibrous  serpentine  be 
longs  properly  to  the  amphibole  group  Cbeinictlly  it  is  anhydrous  silicate  of  iron 
and  soda  tlie  iron  existing  in  both  the  sesquioxidc  and  jirotoxide  states  More 
or  less  lime  and  magnesia  may  be  piesent  as  combined  impurities  The  clUt 
vanes  fiom  layenderblue  to  gieLmsh  tie  fiLeis  being  silky  like  serpentine  but 
with  ft  slighth  barsli  feeling 

"Merrill,  G.  P.;    The  Noii-Metullic  Minerals    (IDOl),   181. 
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Another  fibrous  mineral  whirli  is  common  in  the  Ilocos  Norte  region  if 
an  asbestiforni  aciiniiHte.  The  analysis  shows  a  coiiskierable  percentage 
of  lime.  The  cleavage  across  the  long  axis  of  the  fiber  wouM  certainly 
militate  against  it  in  spinning. 

Analysis  of  ashmtifarm  nnlinoUle"  {Uocoa  Norte). 


MrO 
CaO 
Na,0 


Plate  XI,  fig,  14,  is  a  photograph  of  a  specimen  of  Ilocos  Norte 
chrysotile. 

Field  relations. — Tn  the  field  there  are  two  noteworthy  forms  of  occur- 
rence. One  is  the  formation  of  parallel  fiber  in  the  Dalumat  and  Barnyen 
schist  areas,  and  the  other  is  the  "pocket"  formation  on  the  T)nngn- 
Diingan  estate:  that  on  the  Tug-a-tug  promisis  to  be  \er>  much  the 
same  as  that  of  the  llungn-Thmgan.  The  Dalumat  and  Barnyen  asbestos 
is  confined  almost  entirely  to  Khear  ?oms  and  htnrc  is  )f  local  and 
limited  occurrence. 

A  rather  large  pocket  of  inferior  aslie^tni  consiiting  largely  of  tremolfte 
and  tale  was  struck  in  the  shaft  in  the  e'ttero  trilintar\  to  the  Barnyen, 
but  tlierc  are  also  several  small  veins  of  "cross  fiber'  mnteriaj  of  good 
appearance  which  makes  it  more  than  likel)  that  if  this  locality  were 
diligently  worked,  some  goo<l  results  would  be  obtained  Below  is  a  cut 
showing  the  appearance  of  the  workings  at  thi*  place      ( P!    I X,  fig.  15.) 

Chrysotile  or  fibrous  serpentine  is  the  priilcipal  product  of  the  Canadian 
mines  and  its  characteristic  occurrence  in  that  region  is  as  a  fine  fiber, 
usually  not  over  1  centimeter  in  length  running  crosswise  from  wall  tn 
wall  of  the  vein.  The  serpentine  in  the  Canadian  mines  is  penetrated  in 
every  direction  by  innumerable,  narrow  \cinH  filled  with  this  fibrous  ser- 
pentine.    Occasionally,  this  fiber  attains  a  length  of  17  centimeters. 

It  is  my  opinion  that  the  mining  and  dressing  operations  will  l«;  much 
the  same  in  the  Ilocos  region  as  in  Quebec  that  la,  the  whole  containing 
rock  will  be  mined,  crushed  in  rotary  trusher«  run  through  a  "cyclone 
blower,"  and  dried  in  rotary  kilns. 

"Analysis  by  L.  A.  Salingpr.  Chemical  Division,  Bureau  of  Science. 
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The  modem  methods  of  nnnitiK  anl  )f  treatment  of  asbestos  are  de- 
scribed -ver^  fulli  bi  Cirkel  '  m  reports  of  tht  Canadian  MmeR  Branch 

Manganese  — fecatterel  o^er  the  surface  of  the  ground  of  the  eruptive 
conglomerate  rtgion  of  Nagpartian  one  can  see  iiinnmerable  small  nod 
ules  of  p\rolueitL  and  limonite  For  =iome  time  I  was  at  coniulerable 
loss  to  know  just  where  these  came  from  for  by  digging  bencith  the 
surface  in  certain  spots  at  least  I  coul  1  not  discover  any  source  in  fact 
these  nodules  seem  to  lit  only  on  the  surface  some  m  stream  beds  but 
otherh  aKo  on  the  hilltops  A  later  examination  of  the  sides  of  the 
Nagpartian  road  where  a  great  washout  hal  taken  pace  re^ealel  man\ 
\er\  small  \einlcts  )f  manganese  o\i  le  Ittwccn  the  bowllers  >f  eruptne 
niitenal  Ihc  matrix  appearel  to  le  a  wrt  if  tuff  luite  soft  and  yield 
ing  The  veinlets  are  approximately  of  a  width  corresponding  to  the 
thickness  of  the  surface  nolules  all  of  which  are  more  or  less  flat  anl 
longer  than  they  art  wide  This  surface  materia!  therefore  simph 
represents  the  concentrates  found  as  the  material  below  has  weathered 
and  as  the  manganese  \ems  became  freed  from  the  matrix  A  sketch 
of  the  actual  ocurrencc  will  bent  prespjit  these  rtlationa  (flg    ]() 


There  seems  to  be  even  a  greater  concentration  of  the  manganese  and 
limonite  in  the  Nagpartian  hills,  but  the  nature  of  the  country  and  the 
difficulties  attending  transportation  preclude  any  probability  of  develop- 
ment in  that  locality. 

Between  Punta  Negra  and  Punta  Blanca  perhaps  the  best  prospect 
for  the  mining  of  this  ore  is  seen.     It  is  at  this  pont,  within  a  very 

"Ciikel,  Fritz:  Asbesti>H — Miiiea  Branch,  Dept.  Int.,  Ottawa,  Canada   (1905). 
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few  iiiinutee  walk  of  the  sea,  that  Mr.  F.  1).  Bnrdette  has  l)een  at  work 
with  a  large  force  of  native  laborers.  The  ;;eological  relations  obtainin}; 
here  are  shown  in  the  diagram  below  (fig.  17)  ; 


si^ 


zS 


'^'^<uXi*i^-'7' 


Not  over  3  feet  of  concentrates  were  exposed  at  tlie  time  of  the  writer's 
visit  to  this  plaec;  only  after  further  work  will  it  Imj  aseertained  whether 
there  is  more  than  one  bed  of  concentrates.  If  siifticient  quantity  of 
this  ore  could  be  fonnd  it  would  he  best  to  "riddle"  it,  afterward  sack 
it  and  transport  it  by  means  of  cargadores  or  a  cahleway  down  to  a 
storehouse  on  the  beach  and  from  there  it  can  lie  sliippoii  during  the 
southwest  monsoon.  The  lateral  distribution  seems  to  Ik;  sufficiently 
extensive  but  at  the  time  of  my  inspection  1  had  some  fear  as  to  the 
vertical  extent  of  the  deposits.  l}ec:ent  dovolopment  work  has  in  some 
measure  shown  tliis  to  be  well  grounded. 

Analysis  of  the 


4.04 
ID.R8 


Apatite  ^  — Nothing  ver\  letinite  can  be  said  abont  the  occurrencu  of 
this  mineral  at  the  present  writing  Some  fairly  gool  cr)8ta!8  sufficient 
for  making  some  important  crystal lographic  mtasurcments  were  sent  m 
to  us  by  Mr  Burdette  over  a  \ear  ago  These  m  (ol>r  anl  buperficialh 
in  cr>stal  form  so  closely  re^mblc  the  mineral  oinme  thtt  tlit>  wtri, 
at  the  time  classed  as  such     Later  it  was  found  that  thev  belonged  t) 

'  imliHi*!  b(  Mr   L   A   '•alinger   1 1  (mical  DiviHion   Bureau  of  '■cienee 
"Thi-j    mineral    «a8    found   near   the   (raii    to   tie      Tl  etford      workings    at 
DUumat    1  ut  at  tie  time  I      as  tl  ere  a  Nnd'.lide  had  ojncealed  all  traces    f  it 
Thi3  11  the  onh  plate  wl  ere  Mr  Burdette  has  found   t 
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the  hexagonal  system  and  blowpipe  tests  gave  a  reaction  for  phosphorus 
and  no  silica.     The  complete  analysis  is  as  follows; 
Analysis  of  the  apatite. 


Al,0, 
C:aO 


F  (undetermined)  3.14 

*^l  Trace. 

L088  on  ignition  0.20 

100.00 
By  using  the  contm-t  goniomGtor  the  angle  between  the  faces  (0001) 
and  (1011)  was  foimd  to  be  a  trifle  let^s  than  40°.  After  making  the 
necessary  calculations,  I  found  this  would  give  the  figures  0.72(i6  for 
c,  which  is  a  little  low,  0.'i34(i  being  the  usual  figures,  though  there  is 
some  fluctuation. 

Such  crystallographic  data  as  1  could  work  out  on  the  imperfect  ma- 
terial in  our  possession  are  given  below. 

Color,  lemon  yellow  on  fresh  fracture;  luster,  resinous;  fracture, 
irregular;  hardness,  5  to  (i;  specific  gravity,  3.10;  system  of  crystalliza- 
tion, hexagonal. 

Form.'!.  AnelcB, 

e=(0001)  (^=43° 

TO— (1010) 

ai=(1011)  Hs^4S° 

a=(1120) 

c=  .7206 

The  finding  of  apatite  in  this  region  associated  with  the  rock  pyroxenite 
is  interesting  and  may  leatl  to  highly  valuable  results  when  it  is  recalled 
that  this  is  the  same  association  obtaining  in  the  apatite  deposits  of 
Canada. 

Mica  and  talc. — In  the  "Thetford"  workings  (Iloeos  Norte)  the  most 
abundant  minerals  are  the  micas  and  the  micaceous  ehlorites  and  talc. 
Muscovite,  biotite,  margarite,  phlogopite,  pennine  and  talc  were  noted,  all 
very  mixed  in  pockets  and  along  shearing  planes;  much  actinolite  also 
accompanied  these  minerals.  No  large  sheets  of  mica  were  seen,  in  fact 
all  these  micas  occur  in  rather  a  triturated  condition,  so  that  as  I  have 
mentioned  above,  they  could  find  use  only  in  the  industries  which  employ 
ground  material.  It  is  quite  possible,  although  somewhat  improliahle, 
that  good  sheet  mica  may  be  discovered  in  this  region. 
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Agalite,  or  fibrous  talc  as  it  is  commercially  known,  is  extensively 
use<l  ill  tlie  maniifactiire  of  paper.  Like  asbestos,  it  has  a  liistinot  fibrous 
structure  which  causes  it  to  blend  well  with  the  vogctHblc  fibers  of  paper 
pulp  and  admits  of  its  retention  in  paper  without  the  great  loss  which 
accompanies  the  use  of  sulphate  of  lime,  china  clay,  and  other  mineral 
loading  materials. 

According  to  the  statistics  of  the  New  York  (Jcological  Survey  for 
1905,  there  were  pn>duced  67,(100  short  tons  of  lihrous  tale,  valued  at 
$i69,000  which  gives  an  average  of  ^57  per  ton.  Practically  the  entire 
ontput  of  thiH  material  finds  it«  way  to  the  paper  mills.  Mr.  Ricbinond, 
chief  of  the  Division  of  Chemistry  of  this  Bureau,  has  with  this  use  In 
mind  examined  a  specimen  of  tremolite  altered  on  the  c.xtcriiir  to  talc. 
He  reports  as  follows:  "Judged  by  the  pliysical  properties  of  the  sub- 
stance examined,  it  would  be  considered  of  very  good  quality  for  the 
above  named  purpose.  It  grinds  well,  is  of  a  good  color,  and  is  especially 
free  from  grit." 

The  analyses"  of  the  IloeoR  tremolite  and  tale,  ami  a  stiindard  agalite 
for  comparison,  arc  as  follows: 

DoL-on  mineral.         Aealite. 


AlA 

i.;i«l 

Fe,0, 

i.fitii 

Mf-O 

24.18 

CaO 

l;).38 

H,0 

2.33 

ioa.5,! 

Specific  tTavity 

2.84 

Doubtleft  mlj  the  ]>  rtion  of  tl  s  dtpo'^it  rtprc^tntc  1  b\  talc  would 
be  ^aluatle  an  a  filki  in  paper  pulp  1  ut  the  trcmolitc  is  sufficicnth  bigh 
m  magnesium  to  make  it  of  use  for  pipt,  lagging  etc 

Mineral  paint — Not  much  can  he  said  eonecrning  the  mineral  paint 
rii  and  jellow  ocher  sa^e  that  it  occurs  in  ( intiiderable  quantity  at 
Dalumat  bonlering  the  igneous  mass  of  the  plateau  known  locally  as 
Babuy  Flats  Ihis  ochtr  has  resulted  from  the  deea^  of  the  igneous 
rotk  which  18  rich  m  iron  There  is  a  vast  quantitv  of  it  available  anl 
with  cheap  labor  as  women  and  ehddren  could  he  used  to  dean  anl 
ack  it  and  hv  emplovmg  native  tttigadorpt,  there  should  he  a  fair  profit 
m  it  Thu  ocher  i«  nothing  m>re  or  kis  than  iron  oxide  in  larious 
stages  of  hydration  and  bv  burning  the  hjdration  cculd  he  regulated 
so  as  to  secure  several  different  cikrs  Ibe  vellow  it,  hmomte  the  red 
hematite  A  determination  of  silica  and  iron  bv  Mr  bilinger  gave  33  5 
per  cent  for  the  silica  and  9  8  per  cent  feme  oxide 

"  Aimlfsea  by  Mr.  L.  A.  Salinger,  Chemical  Division,  Bureau  of  Science. 
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Feldspar—Quartz  and  building  stone. — These  have  all  been  Hiiilieiently 
commented  upon  in  previous  pages  so  that  repetition  is  not  necessary. 
However,  on«  thing  should  be  nientione:l,  namely  that  analysis  shows 
the  feldspar  to  be  albite,  the  soda  plagioelose.  A  physical  examination 
of  the  quartz  grains  proves  this  material  to  be  suitable  for  glass  manu- 
facture, etc. 

Aiuilysis  of  the  granalitc, 

"Silica."  "Granulite." 


A1,0:, 

MgO 


Frospecting  and  dcvetopmcnt  work. — There  are  several  prospectors  in 
this  field,  but  only  one  otganizcd  tonipany  was  doing  any  Bysteniatic 
development  work  at  the  time  of  my  visit  This  ib  known  as  the  llocos 
Mining  Company,"  wlioue  repre*ientativt  in  the  held  is  Mr  F  P  Bur- 
dette,  a  man  of  eonsidciablc  familiaiity  with  Oiiental  mining  operations, 
geology  ami  labor,  Mr  Bnrdctti  s  efforts  are  now  being  concentratt.d  on 
the  asbestos  of  the  Dungn-Dungan  estate  and  the  nianganest  of  Punta 
Negra.    The  Punta  N"egra  property  is  known  as  the  '  Cecde  group  " 

It  is  my  opinion,  that  tin  might  be  diHcovered  in  this  region,  and  it 
might  be  ret-onimended  th»t  efforts  be  conrentrited  on  the  htreams  head- 
ing near  or  in  the  grinulitf  dike  whuh  runs  northeast  fr  m  Dalumat. 

TR  AB  SPOBT  AT  lO  N 

This  is  one  of  the  worut  features  connected  with  mining  operations 
in  this  region.  The  roads  which  exist  are  m  wretched  condition,  in 
the  Nagpartian  distnct  there  i"  only  one  which  clo<«:ly  follows  tht  coast. 
To  my  knowledge  there  is  not  a  single  stetl  or  stone  bndge  in  the 
province,  and  many  of  the  wooden  ones  are  m  a  deplorable  state  of  pres- 
ervation. There  are  no  bridges  o*er  the  Laoag  theBacirra  the  Baruyen, 
and  Bainban  Rivers,  onh  bamboo  rafts  art  available  and  at  certain  -easons 
of  the  year  these  can  not  be  used  Ihe  transportation  of  supplies  is 
entirely  dependent  upon  bull-carts  and  cargadores.  The  distance  from 
Pasuquin  to  Nagpartian  is  only  about  one-fifth  that  from   Pasuquin 


Hosted  by  Google 


ASllFSJTOS   AND   MAKGANI-S?!!   l»El'OSn"S.  175 

III  Vigaii,  bill  tlio  time  coiisiiiiiwi  in  iiialcliig  the  tiiji  with  lnilUsrlK  is 
about  the  sariie.  Traveling  with  a  Imil-i-Hrt  is  slow  and  somewhat  <lif- 
ficiilt,  but  the  rate  of  pay  is  not  higb,  it  being  usually  ubont  25  wntiivos 
|ior  mile,  altlioiigli  sometiines  this  riepenile  upon  wlicther  yoii  aregoing 
to  or  from  Ijaoag.  Cargadorns  can  easily  be  procured  if  it  <!oes  not 
happen  to  be  the  rice  liarvesting  season  when  they  are  wantetl,  their  cost 
being  about  35  centavos  per  man  per  day  and  subsistence,  Uice  or 
ground  com  is  suiheient  for  them.  The  eonilitions  affecting  transporta- 
tion on  the  water  have  been  given  elsewhere. 


The  llocanos  make  very  good  laborers  and  iire  always  willing  to  work, 
although  they  are  remarkably  initiitoreil  in  the  kind  of  labor  i-eiiuinnl 
in  raining.  One  great  dilticulty  romes  in  the  harvesting  seastm;  for 
then  they  are  very  rehudant  to  leave  the  riee  fields.  Thirty-five  centavos 
a  day  and  subsistence  is  tlie  usual  rate  at  present.  The  general  labor 
conditions  here  are  the  same  as  in  other  parts  of  the  Islanils  and  of  the 
Orient.  When  the  native  and  his  dialect  are  better  understooil  it  becomes 
evident  that  he  is  a  much  Imtter  workmaii  than  some  would  have  us  believe. 
Brutality  on  the  part  of  the  foremen,  even  apart  from  the  untlerlying 
moral  objections,  will  not  for  a  moment  accomplish  anything  in  the 
handling  of  these  p 
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Platc  1.  Outline  map  of  |K)rtii>n  of  Luzon  sliowin^  lucHtion  of  IIoliih  Norte. 

II.  Map  of  portion  of  llocos  NoH«  showing  loctiti<Hi  of  minerni  diHtriclH. 
ill.  Fig.   1.  View  of  plain  and  mountains  in  the  liauk);j'uunit. 

Fig.  2.  View  of  upland  conntry  lietween  PaBuqnin  anit  Bangui. 
IV.  Fig.  3.  Another  view  of  upland  country  between  I'aMuquin  and  Bangui. 
Fig.  4.  Looking  across  the  upland  country  toward  tlie  Cordillera,  Ca- 
raballo  del  Norte. 
V.  Fig.  5.  View  from  Nagpartian  Ridge  toward  the  coast. 
Fig.  fi.  The  pseudo-eongomeratp  in  the  Hprpentine. 
VI.  Fig.  6.  Feldspar   phenocryat  in   andexite,   showing  twinning   anil   zonal 
growth.     Alagnjfied  about  14  times. 
Fig.  7.  Thin  section  of  pero.xenite.     14  times. 
VII.  Fig.  9.  Breceiated  jasper. 

Vlll.  Fig.  10.  Section  of  radiolarian   (?)   chert.     Magnilied  120  tinieH. 
Fig.  11.  Same  magnified  350  times, 
IX.  Fig,  12.  Tilted  ash,  tuff  and  sand  beds  on  Punta  Negra. 

Fig.  15.  Open  cut  in  serpentine  and  "asbestoa,"  Dungn-Dungan. 
X.  Fig.  14.  Crysotile  from  Dungn-Dungan,  llocos  Norte, 
XI.  Ideal   section   from   Pasuquin   northeast  to   Cordillera   along   Hue   went 
to  east   (Plate  11). 
Figs.  13,  18,  and  17,  woodcuts,  explained  in  the  text. 
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THE  ASCENT  OF  MOUNT  HALCON,  MINDORO." 


li.V    Kl.MEB  n.    MERRH.I.. 
(/'Voin    '/IP   holiinical  «i-vlio,i    of   the   ISioUigini]    I,<ih.,ralt>ry,   Bureau   nf  l^cicnce.) 

The  Philippine  Archipelago  is  essentially  iiioimtainous.  Many  <>f 
the  high  pealte  have  l>eeii  aswendeil  by  wliit*'  men,  althougli  accurati' 
aceounts  as  to  when,  by  whom  and  under  what  ci  renin  stances  the  explo- 
rations were  made  are  to  be  found  in  but  few  instances.  On  making  local 
inquiries  in  regard  to  the  a^fcent  of  mountains  one  usually  hears  vague 
rumors  of  previous  attemptx  to  dimb  tliem,  entailing  great  diJfieulties, 
privations  and  not  infrequently  loss  of  life.  Usually,  however,  it  is 
quite  impossible  to  verify  many  of  these  rumors  for,  as  a  rule,  natives 
living  in  the  vicinity  of  the  mountaina  have  very  little  information 
regarding  them,  and  beeause  of  prevailing  superstitions  it  frequently  is 
difficult  to  induce  them  to  accompany  a  party  when  the  known  object  of 
the  expedition  is  to  ascenil  d  high  mountain. 

Mountain  climbing  in  the  Tropics,  especially  in  such  tropical  coun- 
tries as  the  Philippines,  can  scarcely  be  classed  as  a  sport,  and  here 
as  in  other  parts  of  Malaya,  the  higher  mountains  have  usually  not  been 
ascended  by  persons  for  the  pure  love  of  mountain  cHriibing,  but  by 
those  who  have  had  some  special  olijcct  in  view,  such  as  the  study  of  the 
fauna,  flora  or  geology  of  the  region.  In  other  words,  the  high  peaks 
of  the  Philippines,  as  in  the  Malayan  region  generally,  have  Iwctn  aacendwl 
mostly  for  what  was  to  be  secured  on  thein. 

Mount  Apo  in  southeastern  .Mindanao  is  the  highest  in  the  Philippines, 
yet  the  first  reeordeil  ascent  which  I  have  been  able  to  find  is  that  of 
J.  Montaiio,  a  Frenchman,  who  reached  the  summit  in  October,  J880.' 
Montano,  however,  states  that  an  attempt  was  made  by  the  Spaniards 
in  1853  under  the  direction  of  Oyanguren.  which  failed  after  the  loss 
of  twenty  men,  and  that  in  1870,  Real,  then  the  governor  of  Davao, 
made  another,  but  unsu(tcessful  endeavor,  to  reach  the  summit.  Dr.  A. 
Hehadenbf.rg  ascended  Apo  in  February,  1882,  and  Oito  Koch  must  have 
made  the  ascent  at  about  the  same  time  for  Vidal "  figures  some  apeeiej* 

'  This  iH  tlie  Brut  of  a  wries  of  articli-n  on  gfograpliical  Biilijpcts  wliicli  it  ia 
proposed  to  publish. — P.  C.  F. 

'Voyage  aux  Philippines  et  en  Malasie   tlSSC),   245-2G4. 
'Sinopais,  Atlas   (1883). 
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cii  plants  from  tlie  siinimit  of  Apo  which  were  collected  by  the  latter. 
Since  1880  Mount  Apo  lias  been  t-limlied  many  times  by  various  persons, 
to  my  knowle<lge  by  at  least  ten  Americans  within  the  past  five  years, 
and  I  am  informed  by  those  who  have  made  the  ascent  that  there  are 
comparatively  few  difficulties  to  be  cDconntered,  either  in  the  approach 
to  the  mountain  or  in  its  ascent.  Nevertheless,  as  late  as  1905  I  have 
seen  accounts  in  Manila  newspapers  "of  the  first  ascent  of  Mount  Apo." 

We  have  no  records  that  Mount  Malindang,  the  second  highest  moun- 
tain in  the  Philippines,  had  been  ascended  previons  to  1906,  when  in 
May  of  that  year  Maj.  E.A.Mcarns  and  W.  I.  Hutchinson  and  their  party 
reached  the  snramit.  Mounts  Banajao,  Pinatubo,  Tongton,  DatA,  Solis, 
and  Mayon,  all  in  Luzon,  Canlaon  in  Negros,  Madiaas  in  Panay,  all 
7,000  feet  in  altitude  or  higher,  have  been  ascended  one  or  many  times 
each,  by  various  persons,  and  secondary  mountains  such  as  Mariveles, 
Arayat,  Maquiling,  Isarog  and  Iriga  in  LuKon,  Silay  in  Negros,  Pulgar 
and  Victoria  in  Palawan,  and  many  others,  are  more  or  less  known. 

Halcon  the  third  highest  peak  in  the  Philippines,  is  situated  in  the 
north-eentral  part  of  Mindoro.  With  no  known  trails  leading  to  it, 
surrounded  by  dense  forests,  cut  off  from  the  coast  by  difficult  ridges 
and  large  rivers  subject  to  enormous  and  appalling  floods,  it  stood 
seemingly  inaccessible.  Its  location  is  perhaps  in  the  most  humid  part 
of  the  Philippines,  where  the  rains  continue  for  nine  months  in  the 
year,  in  a  region  geographically  quite  unknown  and  inhabited  by  a 
sparse  population  of  entirely  wild  and  very  timid  people,  and  on  an  island 
regarding  which  there  is  a  widespread  and  generally  accepted  belief  as 
to'  its  unhealth fulness.  Although  within  100  miles  of  Manila  anil  not 
more  than  IS  from  Calapan,  the  capital  of  Mindoro,  so  far  as  T  bave  been 
able  tit  t      n        -'il  unconquered  up  to  the  year  190fi. 


M  nloro  ra  k    a  nth  in  size  among  the  islands  of  the  Philippine 

Arch  I  lago  bt  ng  locatml  a  little  north  of  the  center  of  the  entire 
grou]  a  1  1  av  g  an  r  a  of  approximately  3,8.51  square  miles.  In 
general  o  tl  e  t  s  ro  ghly  triangular,  its  greatest  length  being  from 
northwest  to  o  tieast  11  miles,  its  greatest  breadth  from  northeast 
to  soutl  west  56  n  les  (icographically,  it  is  in  closer  proximity  to 
LuKon  tl  a    to  any  otl  er  large  island  of  the  group. 

Ve  le  Islan  1  j  a  sage  separating  Mindoro  from  the  south  coast  of 
Batangas  Province,  Luzon,  is  but  7^  miles  in  width  in  its  narrowest  part 
i)ctween  Escarceo  Point,  Mindoro,  and  Malocot  Point,  TjiiKon.  The 
small  island  of  Lubang  lies  15  miles  north  of  the  northwest  point,  while 
the  larger  island  of  Marinduque  is  33  miles  east  of  the  central  part  of 
Mindoro.  Tablas  is  situated  31  miles  east  of  southern  Mindoro,  and 
Panay  36^  miles  east  of  south.  Busuanga,  the  beginning  of  the  Palawan 
chain,  is  33  miles  southwest. 
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The  name  Miniloro  is  of  Spanish  origin,  taken  from  ^fina  dc  urn. 
meaning  mine  of  gold,  applied  by  the  ejiriier  Spaniali  explorers.  It 
came  no  doubt  from  tales  imparted  to  them  by  the  natives  of  the  fabiilouri 
mineral  wealth  of  the  island,  yet  for  over  three  and  three-qimrtern  een- 
tiiries  this  repnteil  golden  treasure  has  remained  nndiseoverod.  'J'he 
ancient  native  name  of  the  island  was  Mait. 

■Topographically,  Mindoro  is  exeeedingly  rough  and  tbo  interior  is 
very  imperfectly  nnderstood;  it  is  known  locally  as  "the  Africa  of  the 
Philippines."  The  mountains  in  the  north  eulminate  in  the  llalcon 
Range,  the  highest  peak  heing  exceeded  among  Philippine  mountains 
only  by  Apo  and  Malindang,  both  in  Mindanao. 

The  censiis  of  the  Philippine  Islands  taken  in  1903  gives  the  total 
population  of  Mindoro  as  28,361,  of  which  21,097  are  elaasified  as  civil- 
iKed  and  7,364  as  wild.  As  comparatively  little  is  known  reganling 
the  Mangyans,  the  aborigines  inhabiting  the  interior,  the  latter  figure 
must  be  considered  as  approximate  rather  than  exact.  The  civilized 
inhabitants  are  confine<l  entirely  to  the  coast  region,  the  Tagalogs  pre- 
dominating in  the  north,  the  Visayans  in  the  south. 

Undoubtedly  the  Negritos  are  the  aboriginal  inhabitant*  of  the  island 
and  the  Mangyans  are  the  descendents  of  Negrito  and  Malayan  stock. 
They  are  confined  entirely  to  the  interior  of  Mindoro,  except  in  tlie 
southern  part,  where  one  or  two  towns  of  eemielvilizcd  Mangyans  arc 
located  on  the  coast.  Capt.  E.  G.  Oflley,'  United  Htates  Army,  Governor 
of  Mindoro,  states  that  they  are  non-Christian  but  not  savages  by  natuni 
or  habit,  that  they  will  run  at  sight  of  a  stranger  if  his  coming  and  inten- 
tions have  not  previously  been  announced.  They  are  divide<l  into  several 
groups,  the  chief  among  which  are  the  Buqnit,  Baiigon  and  Batanga- 
nes;  these  roam  in  bunches  or  by  families,  the  oldest  acting  as  chief; 
they  are  willing  workers,  but  they  have  no  knowledge  whatever  of  agri- 
culture, and  the  Christian  Filipino  avails  himself  of  the  fact  that  they 
do  not  know  the  value  of  money  by  giving  a  handful  of  salt  for  a  bant;a, 
while  the  price  of  a  small  working  bolo  to  a  Mangyan  has  been  known 
to  be  ten  years  of  servitude.  The  best  description  of  these  people  which 
I  have  seen  is  that  given  by  Dean  C.  Worcester,"  to  whose  book  the  remler 
is  referred.  In  regard  to  the  Mangyans  as  a  whole.  Captain  Offley's 
statement  is  jnacLurite  in  some  respects  for  the  ones  we  encounttred  on 
the  north  slopes  of  Hakon  have  fairly  permanent  habitations  and  also 
possess  a  deti  led  knowkdge  of  agriculture  although  jt  is  of  a  very  prim 
itive  kind.  We  law  but  three  representatnes  of  these  people  on  the  en 
tire  trip,  an  oil  man  a  bo^  and  a  girl  but  «e  passel  through  numerous 
js,  some  of  tlum  several  hunlrels  of  acres  in  extent  ttlien,  there 
:  houses     hcwutr    the  inhabitants  fled  at  our  approach      In   m 

•Cenaua  of  tie  PI  ilipp  ne  lalands   (1903),  2    547  '^  t       , 

'The  Philippine  IslandH  and  their  People   (1901),  375-377;   400-418. 
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clearing,  at  an  altitude  of  about  3,000  feet,  we  found  in  cultivation  r  rice, 
eorn,  sugar-cane,  bananas,  yams,  sweet  potatoefi,  tomatoes,  beans,  squashes 
anil  taro,  while  domestic  pigs  and  chickens  were  in  evidence.  Mont  of  the 
dwellings  were  very  small  and  primitive,  consisting  of  a  platform  raised 
two  or  three  feet  above  the  ground,  with  a  thin  palm-leaf  roof  and  usually 
without  walls,  hut  in  the  clearing  mentioned  above  we  found  an  unusually 
large  and  well-conBtr«cte<l  house  alwut  30  feet  long,  15  feet  wide  and 
18  feet  from  the  floor  to  the  apex  of  the  roof.  It  was  firmly  constructed, 
elevated  on  posts  about  C  feet  above  the  ground,  with  a  pole  floor  and 
grass-thatched  roof  and  walls  and  was  evidently  the  abode  of  a  person 
of  prominence  in  a  local  tribe.  Such  a  pretentious  house  certainly  is 
unusual  among  the  Mangyans, 

Mindoro  has  attained  and  still  retains  a  widespread  hut  apparently  not 
entirely  deserved  reputation  for  unhealth fulness,  frequently  being  spoken 
of  as  "the  white  man's  grave."  In  spite  of  adverse  reports  as  to  the  un- 
wholesomeness  of  Mindoro  and  the  prevalence  of  fevers  and  various  tropical 
diseases  in  the  island,  on  our  trip,  which  extended  over  forty  days  in  the 
height  of  the  rainy  season  when  on  nearly  every  day  all  members  of  the 
party  were  wet  at  least  once  and  sometimes  all  day  and  for  many  days  in 
succession,  working  our  way  slowly  through  drenched  forests,  fording 
streams  and  much  of  the  time  on  short  rations,  none  of  the  Americans  in 
the  party  were  sick  and  among  the  twenty-five  natives  employed,  only  three 
contracted  fever  and  then  in  a  very  mild  form.  In  common  with  previous 
explorers  in  Mindoro,  we  found  the  leeches  very  abundant  and  exceedingly 
troublesome  at  the  lower  altitu<le8  but  we  became  entirely  free  of  them 
after  reaching  the  height  of  about  5,000  feet.  Ordinary  brown  soap 
was  found  to  be  an  excellent  leech  repellant  and  this  was  given  ea<.h 
day  to  our  native  carriers  who  smeared  it  on  their  naked  legs.  Previous 
experience  had  taught  us  that  canvas  or  leather  leggings  are  entirely  un- 
satisfactory as  a  protection  against  leeches,  and  all  the  Americans  in 
the  party  were  equipped  with  woolen  "puttees."  These  proved  to  be 
more  satisfactory  and  gave  absolute  protection  against  the  attacks  of 
leeches.     Quinine  was  issued  regularly  to  all  members  of  the  party. 


The  name  Halcon  is  of  Spanish  origin  signifying  falcon,  but  the 
application  of  this  name  to  the  mountain  is  not  clear.  As  usual,  the 
native  names  vary.  According  to  Lieut.  FitKliugh  I.«e's  report  of  his 
trip  made  across  Mindoro  in  l!)0-i,  the  natives  living  at  the  mouth  of  the 
Baeo  River  knew  it  as  the  Alag  Mountain.  We  found  those  living  at 
Snbaan,  only  7  miles  from  Bawi,  speaking  of  it  as  the  Baco. 

The  altitude  of  the  highest  peak  is  given  on  Spanish  charts  as  lt,8(i.'> 
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meters,  while  our  itncorrcpted  ancniid  readings  dotcriiiiTie  an  tiltitnde  of 
9,000  feet,  IwUi  of  tliew  rwonla  aj)])an>iit!.v,  being  too  liigU.     In  April, 

1900,  a  tri angulation  party  of  the  Ooaat  and  Oeoiletic  Survey,  under  the 
direction  of  Mr.  0.  W.  Fergnsoii,  estimated  the  height  of  tlie  mountain 
as  8,604  feet,  the  mean  of  three  detornii nations  from  as  many  different 
stations.  The  same  party  a8t'crtaine<l  the  geographical  coordinates  of  the 
highest  peak  to  be  latitude  N.  13°  15'  40",  longitude  E.  130"  59'  39". 

Viewed  from  tJie  coast,  Halcon  appears  to  present  no  particular  dif- 
ficvilties  so  far  as  the  ascent  is  concerned.  It  is  a  long,  more  or  leas 
broken  ridge  running  from  east  to  west,  presenting  steep  slopes,  especially 
on  the  north,  but  with  three  pronounced  spurs  with  more  gradual  slopes 
leading  from  it,  one  to  the  east,  one  tn  the  south  and  one  to  the  west. 
The  crest  line  of  these  spurs  present  rather  gradual  slopes,  although 
they  are  steep  in  places.  Several  subsidiary  spurs  lead  off  from  the  main 
range  in  various  directions,  notably  to  the  north.  Difficulties  encountered 
in  making  the  ascent  of  Halcon,  as  is  the  case  with  most  Philippine 
mountains,  were  found  to  be  not  so  much  in  the  actual  climbing  as  in 
the  approach  to  the  mountain,  the  fording  of  streams,  tlie  crossing  of 
ridges,  the  cutting  of  trails  through  the  dense  vegetation  and  in  the 
transportation  of  necessary  supplies  and  equipment. 

The  highest  peak  of  Halcon  shows  no  signs  whatever  of  ever  having 
been  visite<l  hy  human  beings,  and  as  it  would  be  a  physical  impossibility 
for  any  person  to  reach  the  sunmiit  without  extensive  trail  cutting,  it 
seems  evident  that  in  recent  years  at  least,  it  has  never  been  visite<t  by 
man.  Several  attempts  to  reach  the  top  of  the  mountain  have  been  made 
and  in  the  past  three  centuries  it  is  possible,  but  not  probable,  that  some 
of  the  early  Spanish  explorers  in  their  search  for  the  fabulous  mineral 
wealth  of  Miiidoro,  might  have  made  the  ascent.  1  have  been  able  to 
find  no  account  whatever  of  attempts  made  by  the  Spaniards,  and  the 
utter  inaccuracy  of  Spanish  maps  as  to  the  location  of  Halcon  Peak 
and  tlie  course  of  the  Alag  and  Baeo  rivers  would  indicate  that  they 
had  no  positive  knowledge  whatever  of  this  part  of  Mindoro.  In  fact, 
on  many  maps  such  a  large  river  as  the  Alag  is  not  indicated  at  all, 
although  it  joins  the  Baeo  at  tide  water  and  at  less  than  3  miles  fn>m  the 
coast. 

PREVI0U8   ASCENTS  OF   THE  MOUNTAIN. 

In  April,  1891,  Dean  C.  Worcester  visited  some  Mangyan  clearings  on 
the  slopes  of  Mount  Halcon,  probably  ascending  to  about  2,.')00  or  3,000 
feet.  However,  so  far  as  I  can  learn  he  made  no  attempt  to  reach  the 
summit,  but  his  trip  in  this  vicinity  is  the  first  one  of  which  I  have 
any  knowleilge.  The  reader  is  referral  to  his  own  account  of  his  Mindoro 
experiences.* 
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In  October,  IS')'/,  John  nhttikead  an  English  naturalist  tnul  to 
rcaih  the  summit,  hut  although  he  tliil  not  succeed  m  attaining  tin. 
highest  peak  he  was  nndoubfally  the  first  porson  to  reach  an  altitnfle 
of  1)000  feet  As  Whiteheml's  priinary  ob-|(Lt  was  to  tollett  objects  of 
natural  history  and  especially  birds  he  apparently  made  no  serious 
attempt  to  reach  the  liighest  point  on  the  nioimtam  I  tan  <lo  no  better 
here  than  to  (juote  from  V,  R  OgiUn.  Grant  s '  account  of  tt  hitehead  « 
experience  on  Mount  Halcon  ' 

On  tlie  IBth  of  Octber  1105  iie  (Vlhitehead)  left  Manila  with  a  staff  if  t^icn 
n  llpctorH  for  the  Islan  1  of  Mintloro  with  tlie  objf^t  )f  etploring  the  well  wooded 
highlands  of  tins  conijaratiiely  little  known  island  and  returned  to  Manila  on 
tlie  16th  of  February  1896  after  four  months  absence  riie  results  of  tins  e\pe 
dition  aie  Mr  Whitehead  considers  bj  no  means  satisfactory  for  at  the  time  of 
his  visit  the  wet  season  was  at  its  height  and  owing  to  tlie  almost  coutinuoui 
rains  collecting  could  be  carried  on  only  under  the  greatest  difRculties  He  tells 
ua  that  during  his  stay  on  Mindoro  >ieventj  days  out  of  a  liundred  were  very  «et 
twent;  dull  and  drizzling  while  but  ten  nere  comparatively  bright  and  fine  ho  it 
can  be  understood  easily  that  he  was  unable  to  do  as  much  as  he  liad  hoped 

Unfortuiiateli  he  etpenenced  great  trouble  with  Ins  collectors  all  of  wlioiii 
suffere<l  at  one  time  or  another  from  fever  and  took  ever>  opportunity  of  misbe 
having  One  man  robbed  hini  of  his  monej  «liile  others  left  at  the  foot  of  the 
mountain  to  make  a  lonland  collection  did  practically  nothing  during  many 
weeks  and  sold  l>otli  gun  caps  and  powder  to  the  natitea  He  characterizes  Ins 
Mmdoro  cillection  as  lepreainting  four  months  ver*  hard  work  and  slow 
Htarvation 

On  landing  in  Mindoro  a  guide  was  engaged  as  pilot  U  the  liigh  giound  but 
this  worthj  led  the  expedition  by  a  «rong  path  and  after  a  long  lay  s  maich  in 
the  usual  deluge  of  rain  Mr  Whitehead  found  himself  on  the  bank  of  a  fine  rnei 
surrounded  bv  the  most  dense  and  magnificent  forest  where  he  was  forced  to 
remain  for  ten  dajs  waiting  for  porters  It  was  here  that  tlie  expeditimi  naa 
neailj  wrecked  the  river  coming  down  in  a  tremendous  flood  with  very  little 
warning  Ihe  camp  had  betn  pitihel  about  20  feet  above  tlie  river  which  at 
this  part  was  about  200  yards  wide  but  in  less  than  twehe  hours  fortunately 
in  daylight  the  water  was  running  from  2  to  1  feet  deep  like  a  mill  race  throiigli 
Mr  Whiteleads  t<.nt  wide  his  men  had  to  escape  in  canoes  from  another  housi 
Imer  down  tlie  iner   where  nioBt  of  tlie  less  portable  boxes  had  been  left 

I(y  great  exeitions  all  the  baggage  was  saved  I  liaie  writes  Mr  Whitehead 
seen  a  good  deal  of  Tropica  hut  I  never  encountered  such  deluges  such  incessant 
rains  or  such  thousands  of  leeches  Tlie  leeches  quite  crippled  two  of  my  men 
and  one  of  the  two  caught  Tienben  so  I  sent  hira  back  to  Manila  411  the  others 
had  fever  but  I  gtt  off  with  two  mild  attacks  of  dysentery  I  was  so  reduced 
from  having  nothing  to  eat  but  tinned  foods  and  nee  that  1  became  quite  weak 
losing  most  of  my  energj  at  times  In  four  months  I  had  eaten  only  five  pigeons 
two  parrots  and  some  few  thrushes  and  with  the  e\ceptiiin  of  egg^  there  wan  no 
other  fresh  food  to  he  had        Such  is  life  in  the  highlands  of  the  Philippines 

Dy  making  fiiends  with  the  true  aborigines  of  Mindoro  (the  Mangyans)  tli 
twenty  five  [ortcis  rejuired  to  carrj   the  liaggage  to  the  mountains  wert  at  last 


'Grant,  W.  R.  Ogilvie:  On  the  Birds  of  the  Philippine  Islands. 
Highlands  of  Mindoro.  With  field  notes  by  John  Whitehead, 
VIII,  fi,  457. 
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ulrtaiiied  anil  aft^-r  Iwii  (lavs'  niui'rli  under  vntititiiiuiiu  lii«vy  miii,  Mr.  Wliitehead 
unci  liiH  iiiPH  eHiii|Mi[  lit  an  altitude  irf  i  'Mi  fitt  iiii  Mount  l)ulan|p<ii,  in  tlic  iiihui 
range  of  ^[indoro  llim  iniiKi  of  mountauis  is  siinifuliat  liorHenlioe  sliapwl.  Mr. 
W'liitetimil  lontinuiiUH  la  eat  a  lon)>  Hti>r\  uliort,  it  raiiinl  all  NovomiIht.  all 
]>ceniber  and  nil  laniiari  olip  delii^.'e  Ix-Riin  i>n  tin  lltli  of  IJpcranber,  iind  was 
(M-rliapH  tecoud  only  to  tliat  wliirli  Hoated  Nonli  and  Ins  ^rpat  »K)loj^cal  collection, 
for  it  continued  until  tlio  Otii  of  January,  18l)(t  Itut  for  alt  this  I  was  in  (rouil 
Iiealtli  tlip  climate  bciiiff  cool,  Hcldotn  over  00°  V.,  and  soniu  niglibt  only  52°  K. ; 
ttio  niouutHin  of  tlie  cast  Hide  is  )>prlinps  ovpr  R,<H)U  feet,  but  the  ranp^  arc  mostly 
fioni  5,000  to  6,000  feet.  J  was  guided  by  the  nativea  to  a  jmrt  tliat  tittainiil 
nearly  0,000  feet,  but  we  could  not  ii'iicli  tlie  ei'est  of  tlie  niountain  from  tl.i« 
liosition.  Tlie  undergi'owtli  is  very  dense  imd,  witliout  cutting  paths,  imposHible  to 
set  tlirougb." 

In  April,  1!)04.  liiciiU'imnt  FUzInu/h  I.ee,  Jr.,  Twdftli  TTiiih-.l  Sktiw 
('avalry,  awoiiijiaiiied  by  thri*  otlior  ottiwrK,  Mr,  ][.  It.  MrCiixk-i'i/.  (Iiicf 
of  the  I'hilippiiio  Mining  Bureau,  ten  Anicriciiiiw  wililicm  ami  tliirtv 
native  t-arrlers,  left  ('amp  MeGratli,  HafnnfiHM,  LuKon,  witli  tlio  ohjwt 
of  crossing  nortliem  Minilovo  and  if  ]KmRil)lo,  of  nialving  llie  HMuoiit  of 
Haleon.  Tliey  lamlotl  at  tlie  nioutli  of  tlie  Baeo  River  anil  on  April  .'l 
procee<le(l  up  that  river  to  the  jiiiietion  of  the  Alaf^,  following  that 
stream  in  boats  to  the  fiead  of  navigation,  an  estimate*!  distance  of  5^ 
miles.  The  Alag  was  dioaen  as  the  most  feasible  route  because  its 
direction  is  more  westerly  and  because  the  natives  insisted  that  it«  source 
was  somewhere  in  the  vieinity  of  Alag,  the  local  name  of  Mount  Halcon. 
On  April  4  the  boats  were  abandoned,  the  river  having  become  very  shaiiow 
and  awift.  The  expedition  then  followed  a  narrow  trail  along  the  bank, 
the  carriers  being  assigned  about  80  pounds  each.  The  stream  was  very 
tortuous,  averaging  from  flO  to  (lO  yards  in  width  and  the  party  was 
compelled  to  ford  five  or  six  times  during  the  morning'B  march.  On 
April  5  the  advance  was  continued  up  the  bed  of  the  river  but  the  loads 
for  the  carriers  had  to  l)c  reduced  in  weight,  progress  being  exceedingly 
slow  and  hard,  as  the  rocks  in  the  river  betl  bruised  the  carriers'  feet. 
Ou  this  day  the  distance;  covereil  was  but  3  mrlis  and  on  the  day  following 
but  3^  miles.  On  the  7tli  of  April  progress  was  rejiorted  to  be  very 
difficult  and  dangerous  because  of  the  large  howhlers  in  the  stream  bed, 
the  swift  current  anil  the  steep  cliffs  on  both  sides,  and  on  this  day  they 
went  but  2|  miles.     Lieutenant  Lee  continues: 

"It  seems  to  be  more  difficult  than  we  had  anticipated  to  locate  Mount  Halcon. 
Our  field  of  vision  is  very  limited,  confined  as  we  are  in  the  bottom  of  a  deep 
caflon  with  lofty  perpendicular  walls  and  a  wilderness  of  vej!^t«tion  growing  out 
from  either  side  overhead.  Just  at  this  time  ue  are  particularly  anxious  to  get  a 
bearing  on  the  mountain  that  we  may  locate  tbe  easiest  course  for  an  Hncent." 

On  this  days'  marc-h  several  of  the  party  came  in  contact  with  souic 
poisonoup.  plant,  spoken  of  a  species  of  "poison  ivy,"  *  which  on  the 
following  days  caused  them  niuch  suffering  and  inconvenience,  eriiptioiiH 

'Probably  Hemecarpus  perrotlelu  March    (AnoctwiKooeael. — E.  D.   M, 
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breaking  out  all  over  their  bodies,  and  the  fatt^  i)f  Bomc  indi\ iduaU 
swelling  eo  that  tliey  could  see  only  with  dilticulty  On  April  8  they 
succeeded  only  in  covering  3^  milea  bnt  they  were  fortunate  in  U,curing 
the  services  of  a  Mangyan  as  a  guide.  On  the  following  da),  finding 
further  progress  up  the  Alag  impossible  tlu>  retrattd  thtir  sttixi  a  short 
distance,  leading  the  canon  of  the  Alag  and  following  the  bed  of  a  small 
river  flowing  from  the  west*  making  camp  m  the  hed  of  this  stream 
at  an  altitude  ot  1  jOO  fett  It  rained  at  intervals  during  the  lay  and. 
all  the  night  and  the  party  gaie  \ip  ho]»e  of  ascending  Halcon  On 
April  10  and  11  thev  trossed  the  dnide  at  an  altitude  of  ^  330  feet 
striking  the  headwaters  of  tht  Bagbaujan  Hivtr  flowing  westward  in 
these  two  da\s  suffering  much  from  the  attacks  of  kecht«  and  from  the 
c-onstant  rain  On  the  night  of  Apnl  li  a  camp  was  made  in  the  narrow 
canon  of  the  Bagbaujan  but,  at  8  ]>  m  beiause  ot  the  heavy  ram  and  the 
sudden  rise  m  tht  ruer  the  water  coming  up  about  "i  feet  m  one  half 
hour  the  part>  were  obliged  to  desert  their  tents  in  the  darkniiw  and  take 
shelter  on  a  l<>dge  above  The  ram  contmueel  until  10  p  m  when  the 
river  subsided  as  fast  at  it  had  risen  On  the  following  day  they  went 
down  the  rivtr  for  a  distance  of  1^  miles  being  obligwl  to  make  use  of 
ropes  for  sealing  the  eliffs  Ihis  method  of  procedure  continued  on 
the  morning  of  the  14th  but  later  in  the  daj  the\  came  out  into  a  more 
open  country  and  left  the  river  bed  As  much  of  their  food  had  become 
wet  owing  to  the  prolonged  rams  the  question  ot  rations  became  a  verv 
serious  one  and  caused  the  members  of  the  part>  considerable  anxietv 
However  after  the  14th  no  grave  lifficvilties  were  encountered  the  part v 
continued  on  down  the  Bagbaujan  and  reached  the  mouth  of  the  river  on 
April  19,  having  been  seventeen  daii  m  crossing  Mmdoro 

In  June,  1906,  Ijieut.  T.  II.  Jennings,  Seventh  United  States  Cavalry, 
accompanied  by  Mr.  M.  L.  Merritt  of  the  Philippine  Forestry  Bureau, 
made  an  attempt  to  aacend  Halcon,  but  little  information  regarding  their 
trip  and  experiences  is  available  other  than  Mr.  Merritt's  report,  who 
lieing  ordered  to  reach  Manila  on  the  last  of  June  was  obliged  to  return 
U>  Calapan  before  the  highest  part  of  the  mountain  was  reachctl.  The 
party  left  Calapan  on  the  morning  of  June  13,  going  overland  by  a  trail 
leading  inland,  reached  the  Gatuyran  River,  the  south  fork  of  the  Baco, 
on  the  morning  of  the  succeeding  day  and  proceeded  up  this  for  some 
distance,  and  then  followed  a  stream  known  as  the  Dulangan  River  which 
flows  from  the  Halcon  Kange.  Here  moat  of  their  carriers  deserted 
them,  and  they  were  delayed  in  securing  more.  Continuing  up  the 
Dulangan  River  on  the  Ifith,  they  left  the  bed  of  the  stream  on  the 
following  day  and  took  one  of  the  ridges,  which  was  followed  on  the 
18th  and  19th  until  they  arriveel  at  the  place  where  Whitehead  had  estab- 
lished his  camp  In  18'J5.     Up  to  this  point  tho  trail  was  fair.     On  June 

'  Apparently  the  Bolton  River.      (See  map.) 
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il  litlieMiig  that  th(\  win  <ni  a  ri  Igt  kmhnt;  (iinvtlv  up  tlic  ininm- 
taiii  tlicy  wntiiimd  ii|»  t)  an  altitmU  of  "i  i  lO  fM,  tlio  sido  filo|MiM  iif 
tht  rulge  nhidi  thtv  «tn,  on  kinp:  dchtrilM  I  as  \u'.v  stwp  anil  exteml- 
ing  for  Z  (HX)  fcot  btlow  (  ntinnmp;  al  ing  Hic  ridjiL'  for  the  surereifinK 
days  on  Tune  2h  tht\  rtaihoil  a  inak  ha\iiifr  an  altitndi'  of  7.350  fw^t. 
but  on  tlio  following  daj  in  {fO"'rr  aloiy  tlit  ndgo  towards  the  main 
range  the\  lamc  to  an  n»pa«8al)lc  tan  n  ■Hjaratinf;  tlie  «[nir  on  which 
they  were  from  tht  main  range  and  aet  r  lin^h  |)lanw  were  uiade  ti> 
descend  into  the  detp  \alit\  to  tht  wist  and  ti  tdlow  tlie  ridge  k-yond. 
However  Mr  Merntt  who  was  obliged  to  nturn  to  the  coast,  left  the 
party  on  the  ^8th  of  June  and  rtturned  to  <  alapan.  Itegarding  Liun- 
tcnant  7cnning«  exp<.ritnc(s  aftir  this  datt  wc  liait  no  information  excojit 
that  he  reached  Calapan  on  the  7tli  of  ,hdy,  having  attained  the  main 
ridge  on  Halcon  but  not  the  highest  peal\-.  Mr.  Merritt'w  rt^port  shows 
that  from  .Tune  14  to  June  tt,  rainy  weatbei-  prevaihil  most  of  the  time. 
Previously  Lieutenant  Jenningn  had  made  a  trip  into  the  interior 
of  Mindoro  north  of  JIalcon.  following  Lieutenant  bee's  eourse  up  the 
Baco  and  Alag  Itivers  for  an  estimated  distance  of  !()  miles,  where  he 
left  the  Alag  and  ascended  the  ridge  to  the  no'rtli,  reaching  the  Binabay 
Uiver.  Mounting  the  ridge  to  the  north  of  the  Binahay,  he  followed 
it  for  three  days,  mostly  in  a  westerly  dire<:tion,  finally  he  recrnssed  the 
Binabay  River  and  taking  the  ridge  between  it  and  the  Alag  River,  ho 
continued  for  five  days,  going  west  and  somewhat  north  of  west,  reaching 
an  altitude  of  6,000  feet  on  a  ridge  some  distance  north  of  Mount  Halcon. 
He  reported  from  his  experience  on  this  trip  that  he  did  not  consider 
the  route  from  the  north  a  feasible  one  for  the  ascent  of  Haleon,  recom- 
mending that  whoever  should  make  the  attempt  to  clindi  the  mountain, 
should  try  a  route  from  the  vicinity  of  Lake  Na\ijan  or  from  the  west 
coast  of  Mindoro. 

OUR  OWK  ASCENT  OF  UALCON, 

A  geographical  and  biological  expedition  to  Mount  Halcon  was  planned 
in  October,  190(>,  under  the  direction  and  with  the  support  of  Maj.  tiun. 
Leonard  Wood,  its  object  being  Ui  determine  some  feasible  route  to  the 
mountain,  to  ascend  the  highest  peak,  to  secure  as  much  data  as  possible 
and  to  collect  objects  of  natural  history.  The  party  was  under  the  imme- 
diate direction  of  Dr.  E.  A.  Mearns.  major  and  surgeon.  United  States 
Army,  accompanied  by  Mr,  W.  I.  Hutchinson,  of  the  Philippine  Forestry 
Bureau,  and  myself,  with  one  topographer,  one  hospital  corps  man,  a 
sergeant  and  five  privates  of  the  Twenty-fifth  Company  of  Philippine 
Scouta,  two  natives  assistants  for  Dr.  Mearns,  and  five  native  carriers 
from  Antipole,  Luzon.  Fifteen  additional  native  carriers  were  secured 
at  Subaan,  Mindoro. 

We  spent  the  day  after  our  arrival  on  the  morning  of  October  31  at 
Calapan,  the  capital  of  Mindoro,  in  repacking  the  camp  outfit,  rations  and 
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cqiiipiniiit  xnd  in  cnd(a\<)rni}r  to  olitain  iiifonnation  ii^arlmg  M  mnt 
Kakon  As  \ic  expittoil  but  it,rv  Iittk  wliith  was  dtfinitt  rtgar  ling  it 
wnild  bt  BL'cHrod  in  (  alapan  If ortunatelv  wc  mtt  an  \ineii{aii  who  ImiI 
a  pW-er  claim  on  the  Blnaba^  Hucr  and  who  had  1  pon  an  far  inlan  I  js 
thi  junction  of  the  Binaha>  with  the  Alag  He  mforniol  as  that  a  good 
trail  existed  from  'iiibaan  to  the  4lag  Bi\Lr  anl  althougli  he  ha  I  m 
information  regarding  the  eountr\  beyond  the  Alag  he  was  of  the 
opinion  that  Halcan  could  be  rea<,hed  and  ascended  by  thi«  route  lopo- 
^raphiealh  this  seemed  to  ub  to  he  the  more  direct  nay  altluugh 
Lieutenant  Jennings  had  reported  his  belief  that  a  more  feasible  rouk 
eenld  be  found  fiom  the  south  either  b>  tta\  of  the  (atuyran  Eiver  i 
trdutarj  of  the  Baco  from  Lake  Naujan  or  from  the  nest  CDa'-t  We 
«tie  already  aequamtcd  with  Mr  Whiteheads  experiences  on  the  Du 
langan  spur  of  Ilaleon  and  also  aware  of  the  fact  that  Lieutenant  Jen 
ntngs  had  l>een  unable  to  reaeh  the  highest  peak  of  IJakon  by  following 
Whitehead  s  eourae  and  as  a  selection  of  any  of  tlie  routes  suggestel  bv 
lieutenant  Jennings  would  have  necessitated  mueh  mon  rvcrland  travel 
than  by  wav  of  the  trail  leading  inland  from  Subaau  to  the  Alag  Ener 
the  latter  was  chosen  Accordmglj  two  large  native  biits  were  secured 
to  take  the  partv  and  equipment  up  the  coast  to  "subaan  a  small  tillage 
about  10  miles  uorthwe't  of  Calapan  November  1  was  entirely  occupied 
in  making  this  trip  and  m  securing  the  native  carrieri  tor  the  journey 
inland  On  the  morning  of  ISovember  2  the  party  left  Subaan  tor  the 
Bmabay  Bner  tno  scouts  remaining  behind  to  guard  the  tood  supph 
and  equipment  which  was  not  immediately  taken  forwird  \s  rations 
for  fort^  da)s  had  been  brought  and  as  the  equipment  and  supplies  for 
field  work  were  bulki  and  difficult  ti  transport  it  was  found  quite  im 
possible  to  secure  the  necessary  earners  to  take  all  at  one  trip  ^o  that 
plans  were  made  to  establish  camps  from  time  to  time  and  have  the 
iinterial  brsught  m  by  relajs  The  trail  for  about  '  miles  led  through 
an  open  fiat  semi  cultivated  region  and  shortly  afkr  leaving  the  coant 
we  Here  obliged  to  ford  the  Subaan  Ener  a  stream  of  considerable  si/e 
At  tlie  end  of  i  miles  the  trail  left  the  Ie\el  land  and  crossed  a  broad 
interrupted  ridge  dtnseh  forested  with  inagniheent  trees  and  broken  In 
ravines  containing  small  streams  some  tiibutary  to  the  ^ulaan  Ener 
others  to  the  Bmabay  The  highest  altitude  reached  on  this  ridge  was 
about  1  000  feet  \\e  established  our  first  camp  where  the  trail  crossed 
the  Binabaj  Eiver  at  a  distance  of  about  6  miles  from  buhaan  and  at 
in  altitude  of  "00  feet  making  it  with  some  American  miners  who  had 
heatid  a  placer  claim  in  the  stream  bed  as  coarse  ^old  to  a  limited  ettent 
IS  found  in  the  sand 

On  No\ember  5  the  cuners  were  sent  back  to  Subaan  for  more  sup 
plies  and  the  other  members  of  the  partv  rcconnoiteicd  foi  tiaiH  m  the 
iicinity  lea  Img  towarls  Haleon    climling  tj  the  top  cf  the  ri  liji  t     the 
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Boutliwost  to  an  altitude  of  1  200  fivt  At  the  top  of  this  riiJgc  \vv  outenni 
the  first  Mang\an  charing  ami  here  saw  the  onh  repreBentativi-i  of 
thcso  pt-opk  who  were  (.mountered  on  the  entire  tnp 

Tliret  small  lionses  eatli  consisting  of  a  iiiatfonu  raided  i  to  3  feet 
from  tht  groniiil,  with  a  t!im  roof  of  pahn  ka\eR  but  without  walK, 
won  loiateil  in  this  eltanng  anl  later  along  thi  rnlge  a  short  ilistamc 
to  the  louthwest  a  larger  honse  wa^  fonml  \l!  the  hotisos  wtro  deserteil 
on  our  irrnal  m  the  clearing  hut  on  tht  ittnrn  trip  in  the  first  hoiise 
we  fonml  an  okl  man  and  his  uon  who  told  ns  that  his  faniiiv  had  flod 
at  our  approach  hut  that  when  lie  saw  there  w<r  white  men  in  tlie  partv 
ho  had  retnmetl  these  people  weie  all  «iiiaU  in  si/c,  beinpt  ahout  4  feet 
10  Indies  m  height  their  hair  was  short  anl  curh 

From  the  opening  which  we  had  reached  wc  swiircit  a  niagnilmiit 
view  of  JTaleon  to  tht  louth,  while  the  coast  ngum  and  t  alapan  wire 
visihk  to  the  cast  We  fonml  two  tiails  hading  down  to  the  Alag  Hmr 
one  from  the  soiitlieast  corner  of  the  clearing  and  tlic  other  from  tlic 
south  side.  The  latter,  heing  more  in  the  diRvtion  of  Hah-on  Peak,  wan 
selce-ted  for  our  route.  On  Noveiuher  5,  onr  carriers  having  arrivcii 
from  Subaan  the  day  before,  we  left  the  Hinahay  Hiver  am!  on  arrival 
in  the  clearing  mentioned  above  again  cncoimtored  the  old  Mangyan  who 
said  that  he  was  too  okl  to  act  as  our  guide,  but  that  he  could  secure  for 
UB  one  who  knew  the  trails.  As  a  guide  familiar  with  the  routes  leading 
to  Halcon  would  have  greatly  facilitated  our  work,  he  was  asked  to  procure 
one,  hut  after  waiting  about  an  hour  we  decided  that  he  had  no  intention 
of  returning  and  so  we  went  on  to  the  Alag  ]}iver.  Tlie  trail  was  well 
defined,  leading  down  a  30°  to  45'',  well  forested  slope.  Just  before  wc 
reached  the  Alag  the  path  crossed  a  tributary  stream  of  considerahlo 
siKC  which  offered  no  difficulties  in  fording  and  as  none  of  our  natives  had 
a  name  for  it,  we  christened  it  the  Egbert  lliver  in  memory  of  the  late 
General  Harry  V.  Egbert,  United  States  Army.  The  distance  from  the 
Binabay  River  to  the  Alag  was  about  3  miles.  At  the  point  where  the 
truil  reached  the  Alag,  the  stream  was  about  100  yards  wiile,  not  very 
deep  but  quite  swift  and  from  the  place  where  we  first  forded  the  stn^ain 
to  an  altitude  of  1,300  foot,  where  we  made  oui  last  crossing  in  the  ascent, 
we  found  no  still  water  whatever.  The  American  miners  living  on 
the  Binabay  informed  us  that  during,  the  previous  ten  davs  there  had 
been  comparatively  little  rain  and  accordingly  we  found  the  Alag  ford- 
able.  An  attempt  was  made  to  cross  it  at  the  junction  of  the  Egbert 
River,  but  it  was  found  to  he  too  swift  and  deep  at  that  point  and  we 
were  obliged  to  proceed  up  the  stream  for  several  hundreil  yanla  and 
then  to  follow  an  indirect  c-onrse  along  the  bars  in  the  more  shallow 
water.  It  was  necessary  to  ford  the  stream  several  times  during  tho 
day's  march  in  order  to  avoid  abrupt  bluffs  and  cliffs.  Tho  Alag,  at  a 
distance  of  about  1  mile  above  the  junction  of  the  Egbert,  divides  into 
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two  nearly  equal  branches;  one,  flowinff  from  the  direction  of  the  Halcon 
Range  was  considered  to  represent  the  main  stream  and  the  other,  being 
unknown  to  any  of  our  party,  was  named  Whitehead  Eiver  in  honor  of 
the  late  John  Whitehead,  an  English  naturalist  who  made  the  first  serious 
attempt  to  ascend  Halcon. 

From  the  entrance  of  the  Egbert  Hiver  to  that  of  the  Whitehead,  the 
Alag  flows  through  a  rather  wide  valley  lying  between  two  low,  densely 
forested  ridges,  the  river  in  this  interval  lieing  from  50  to  100  yards 
wide.  Our  trail  followed  the  margin  of  the  stream,  sometimes  on  one 
side,  sometimes  on  the  other.  However,  after  passing  the  entrance  of 
the  Whitehead  River  the  banks  of  the  stream  became  very  irregular,  its  bed 
being  much  narrower,  so  that  because  of  the  corresponding  increasing  dif- 
ficulties in  fonling  it  was  found  advantageous  to  travel  through  the 
underbrush  along  a  bench  about  3fl  feet  above  the  level  of  the  stream. 
This  necessitated  slow  progress  as  we  were  obliged  to  cut  a  trail 
through  the  dense  vegetation.  Continuing  on  up  the  Alag  for  a  short 
distance  above  the  junction  of  the  Whitehead  River,  Camp  Number  Two 
was  established  late  in  the  afternoon.  On  November  «  and  7  the  carriers 
were  sent  back  ti  feuhaan  tor  further  supplies  and  the  remainder  of  the 
pirtv  reconnojtereil  up  the  Alag  The  riitr  canon  was  found  to  be  \ery 
narrow  with  ptrptndicular  cliffs  sometimes  t-everal  hundred  feet  m 
height  and  co\ered  with  dense  vegetation  T(hich  often  rose  abruptly 
from  the  bed  of  the  stream  In  searchmg  for  the  mo^t  ftawble  loute 
for  our  tamers  the  banks  wert,  climbed  at  intervals  but  m  no  case 
twld  a  view  be  secured  because  of  the  dense  thickets  It  was  decided 
that  the  snli  practicable  course  for  the  present  at  least  was  along  the 
bed  of  the  stream  The  advance  was  rendered  \erf  diffimlt  because  of  the 
narrowness  of  the  (anon  and  the  swiftness  of  the  water  which  made 
fording  impossible  m  most  places  moreoier  we  were  aware  of  tlie  fact 
that  the  nier  was  subject  to  sudden  and  enormous  iitods  and  that  in 
case  of  hta\j  rams  we  were  almost  certain  to  be  cut  cff  from  our  l)ase 
of  supihcs  The  tremendous  force  of  the  water  m  times  of  floods  was 
much  in  evidence  ai  we  traveled  upstream  great  water  worn  bowlderi 
b  to  15  feet  in  diameter  were  everywhere  encountered  and  m  places 
large  caverns  had  been  cut  in  the  soli  1  cliffs  by  the  action  of  the  water 
\t  a  distance  of  altout  a  mite  above  Camp  Number  Two  and  at  an 
altitude  of  WO  feet  another  smaller  river  joins  the  41ag  from  the  east 
this  we  named  the  Bolton  m  meniorv  of  the  late  Lieut  Edward  C 
Bclton  former  Governor  »f  the  Pifttrict  of  Davao  Mindanao  This  was 
und  ubtedly  the  stream  which  Lieutenant  I^ees  parti  followed  in  cross- 
ing the  dnide  between  the  Alag  and  Bagbaujan  Euers  m  April  1104 
A  beautiful  cascade  about  15  feet  in  height  exists  just  below  the  junc- 
tion of  this  with  the  Alag,  here  the  whole  volume  of  the  river  is  forced 
through  a  narrow  passage  between  two  large  bowlders,  falling  into  a  pool 
surrounded  by  high  cliffs. 


Hosted  by  Google 


THE   ASCKNT   OK   MOT'NT   IIAU'ON.  Ifll 

On  NovuiilKr  8  with  twcnh  lotulid  carrais  wl  hroU  camp  and 
procfwleHl  up  the  stream  to  the  junction  of  the  Bolton  Rmr  Htri, 
finding  it  no  longir  iHtssihIt  to  follow  tliL  Vlajt  it  was  (IwHlcd  to  talvt 
the  ridge  ktwetn  it  and  the  Bolton  wliitli,  hoMmr  was  (.\ceetlingly 
iteii)  and  eovcn.il  with  (hnsc  forests  \o  trail  was  to  ht  found  and 
actonlinglj  one  had  to  k,  tlcartd  as  m  advance!  A'fCLndiiig  to  an 
altitude  or  2^50  fen.t  we  tame  into  a  di«irte  I  Mang\aii  tkarin^  and 
hefore  ii-^  aeross  the  \all(V  of  thi  Alag  was  a  iiiagnihe'ent  jianorama  of 
the  entire  Halcon  llaiigi  Pro^iw  during  thii-  dnv  had  been  (wwd 
iiigly  slow  iM.'causL  ()f  the  diffieultioH  tnTOiiiitered  in  proce-eding  along  the 
\lag  and  m  ascending  the  ridge  it  Iwing  ntceswirv  to  limit  our  speel 
to  that  of  our  loaded  carrier!  Late,  in  the  afternoon  it  wa>»  fouul  that 
we  had  cornered  a  distanee  of  Imt  approvimatel\  1^  miles  It  wah  then 
decided  to  Chtahhsh  tamp  Niiiid>er  Three  m  the  Mangian  clearing 
with  a  Buheidiarv  hase  camp  at  the  ]iinetion  eif  the  \lag  and  Holton 
Elvers  and  ton8cr[iientt>  nati%es  wore  sent  out  to  locate  water  and  a 
mtsisengcr  wao  detvpatthe^  nn  the  trail  to  instriut  our  hcimtb  to  establish 
■  a  base  eamp  at  the  place  indicate  1  and  to  hiiild  grass  liou*>esi  o(  sutti 
Licnt  bi/ic  to  accommodate  all  of  our  farrttrb  who  were  to  !«  traveling  back 
and  forth  bringing  supplies  Just  hefore  dark  our  natives  reported  '  no 
water'  and  we  piepaied  for  a  dr\  camp  when  a  brisk  shower  eame  on 
which  onablci]  us  to  eateb  enough  water  for  our  immediate  needs  on  the 
tent  flj  and  ponchos  Earlv  en  the  following  morning  our  natives  hicated 
a  •small  stream  tributiiy  to  the  Bolt>n  lti\tr  at  several  hundrcl  feet 
below  our  camp 

\s  many  esHential  ^upplieis  remainc'd  at  Subain  and  at  various  peimts 
along  the  trail  most  cf  the  carriers  wi  re  sent  back  to  the  coast  and  fnnn 
Vo\eiiiber  9  to  11  the  country  wis  explore  1  for  trails  or  for  a  feamble 
route  to  the  main  range  of  Haleon  At  first  it  was  thought  that  the  best 
one  would  l>e  by  wa>  of  the  ndgc  which  we  wore  then  on  and  that  by 
following  this  we  could  avoid  descending  into  the  canon  of  the  Alng 
Two  of  the  part\  toUowtd  the  ndge  to  the  southwest  of  our  camp  for 
some  distanee,  attaining  an  altitude  of  3  500  feet  \lthough  the)  found 
that  it  might  he  posfubie  to  gain  the  mam  range  by  this  route  such  a 
course  would  necessitate  a  long  detour  m  order  to  pabs  the  Mag  and 
practically  e\or\  foot  of  the  diutance  would  be  gained  onlj  bv  trail  cut 
ting  of  the  most  difficult  kind  through  the  deiwe  ridge  thickets  In  the 
meantime  others  of  the  party  reeonnoitered  in  the  direction  of  Haleon 
peak  finding  a  well-defined  Mangjan  trail  leading  to  the  \lag  at  some 
distance  from  our  camp  On  November  1^  some  of  our  carriers  having 
returned  the  night  hefore  we  left  the  camp  m  charge  of  two  natives 
and  proceeded  with  thirteen  loadel  earners  along  the  Mingyan  trail  to 
the  41ag  Ihe  slope  was  ier\  steep  being  faO°  to  70°  anl  after  descend 
ing  about  1,0U0  feet  we  reached  the  bottom  of  the  canon  at  a  point  where 
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two  streatris  of  equal  magnitude  joineil.  Here  we  found  that  the  Mang- 
yans,  in  order  to  be  independent  of  tho  river  in  times  of  flood,  hatl 
constructed  a  suspension  bridge  across  the  canon.  This  was  abont  75 
feet  long,  made  of  seven  rattan  stems  so  arranged  that  the  lower  three 
strands  formed  a  foot  bridge,  the  upper  two  serving  as  hand  rails.  On 
botli  sides  of  the  eaiion  these  rattans  were  firmly  attached  to  large  trees 
and  on  the  west  hank  they  passed  over  a  huge  bowlder  in  order  to  give  the 
span  sufficient  altitude  above  the  water  in  times  of  flood. 

The  west  branch  was  considered  to  represent  the  main  stream,  and  the 
fork  flowing  from  the  direction  of  Ilaleon  Peak  was  named  the  Halcon 
Eiver.  The  party  crossed  the  Alag,  some  by  means  of  the  suspension 
bridge,  others  by  fording ;  the  trail  was  found  to  continue  on  up  the  opposite 
bank,  undoubtedly  leading  to  a  recent  clearing  of  considerable  magnitude 
which  was  plainly  to  lie  seen  from  our  Camp  Number  Three  and  from 
which  it  did  not  appear  feasible  to  ascend  Halcon.  Accordingly,  wu 
crossed  the  Halcon  River  taking  the  ndge  between  it  and  the  Alag 
continuing  until  we  rea^'hed  an  altitude  of  about  3  20U  teet  under  the 
impression  that  we  were  on  the  ridge  leading  to  the  mam  range  Late  in 
tlie  afternoon  it  was  discoveied  that  we  had  still  another  canon  to  crofs 
and  as  onr  carriers  were  exhausted  we  established  Camp  Number  lour 
m  the  forest  without  water  other  than  the  small  supph  which  we  had  m 
our  canteens  and  such  meager  amount'  as  could  tie  secured  from  freshly 
cut  rattan  stems 

Striking  camp  at  daybreak  on  the  l^tli  we  proceeded  along  the  ndge 
for  a  short  distance  when  we  reached  a  deserted  clearing  pasimg 
through  this  we  entered  a  more  recent  and  occupied  one  which  was  several 
hunlred  acrt"  m  area  where  cm  or  two  deserted  houits  were  found 
About  one  and  one  half  hours  after  thi=i  we  reached  the  canon  between 
us  and  the  mim  ndge  crossing  it  near  iti  head  The  =itream  m  this 
canon  was  called  the  Cuming  Rner  in  honor  of  Hugh  ( ummg  an 
Englishman  whc  made  extensive  collections  of  plants  and  animals  in  the 
Philippines  between  the  years  183(>  and  1S40  Bieikfast  wat  prepared 
at  this  point  and  at  about  10  o'clock  we  were  again  on  the  march  proceeil- 
mg  up  the  steep  eastern  iiank  of  the  Cuming  River  following  a  rather 
indiatmct  Mangian  trail  Neir  the  top  of  the  ndge  we  entered  a 
deserted  clearing  containitag  the  rums  of  an  old  hou'ie  where  the  trail 
seemed  to  end  Irom  thi'i  point  a  course  was  tiken  up  the  i.r€st  of  the 
ndge  which  here  was  rather  broid  although  it  gradualh  narrowed  as 
we  ascended  and  we  soon  found  ourselves  forced  to  cut  our  wai  through 
exceedingly  dense  thickets  up  an  80°  slope  After  much  difficulty  we 
attained  the  summit  of  a  small  spur  tovered  with  dense  tharaeteristic 
mo8s\  forest  As  it  wds  late  in  the  afternoon  when  the  crest  line  was 
reached  (.'amp  Number  Fne  was  establibhed  on  the  narrow  bench  m  the 
dense  forest,  just  below  the  top  of  the  ndge,  a  small  stream  being  located 
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about  oiie-foiirth  of  a  mile  diatant  and  300  feet  below.  The  distance  cov- 
ered iu  this  day  waH  only  alwut  one  and  one-half  miles.  On  November  14 
the  carriers  were  sent  back  to  the  base  cainp  on  the  Alug  River  for  fur- 
ther supplies  and  on  this  and  the  following  day  trails  were  opened  up  on 
the  ridge  to  an  altitude  of  7,000  feet,  and  a  point  at  an  altitude  of  6,300 
feet  was  selected  for  Camp  Number  Six. 

Trail  cutting  became  progressively  more  laborious  as  we  advanced, 
because  of  the  increasingly  stunted  character  of  the  vegetation.  No  par- 
ticular difficulties  were  encountered  in  the  first  mile,  the  trail  being  opened 
just  below  the  crest  of  the  ridge,  but  beyond  this  point  further  progress  was 
found  to  be  impossible  because  of  a  perpendicular  landslide  wJiich  was  in 
our  path,  making  it  necessary  for  us  to  force  our  way  through  the  exceed- 
ingly dense  thickets  up  a  very  steep  slope  to  the  top  of  the  ridge,  the  suin- 
init  of  which  was  attained  at  an  altitude  of  about  G,fi,')0  feet.  This  ridgd 
was  found  to  slope  gradually  upward  and  it  varied  from  S  to  30  feet  in 
wi<lth,  in  most  parte  breaking  abruptly  on  both  sides  in  nearly  perpendicu- 
lar slopes.  The  crest  line  forest  was  composed  of  stunted  trees  with  short, 
stout  trunks  and  stiff  branches,  often  semiprostrate,  and  with  large  spread- 
ing roots  raised  more  or  less  above  the  ground.  Intermixed  with  the  trees 
was  a  heavy  stand  of  shrubs  and  hushes,  while  an  abundance  of  the  very 
spiny  rattans,  and  nearly  as  spiny  smilax,  clauibering  everywhere  through 
the  thickets,  rendering  trail  cutting  always  a  difhcidt  operation  and  fre- 
quently a  painful  one  as  well.  Everywhere  tlie  ground  and  the  trunks 
and  branches  of  the  trees  were  covered  with  thick  masses  of  yellow  and 
green  moss,  filmy  ferns,  numerous  orchids  and  other  epiphytic  plants, 
the  ground  mat  often  being  one  foot  or  niore  in  thickness,  composed  of 
mosses,  lichens,  fems  aud  herbaceous  plants.  A  trail  was  cleared  along 
this  ridge  to  the  foot  of  the  sliarp  slope  at  an  altitude  of  about  7,000  feet. 

We  had  been  favored  with  exceptionally  good  weather  up  to  this  time, 
only  an  occasional  shower  interfering  with  our  progress,  causing  no 
greater  inconvenience  than  a  more  or  less  thorough  wetting  of  our 
persons,  which  was  of  minor  importance  as  we  were  wet  nearly  every 
day  in  fording  streams.  However,  on  reaching  an  altitude  of  4,500  feet 
we  entered  the  region  of  practically  constant  togs  an<l  rains  which  made 
traveling  exceedingly  unpleasant  because  of  the  wet  thickets  and  heavy 
drip  from  the  leaves  even  when  it  was  not  raining,  as  well  as  because  of 
the  reduced  temperature,  the  thermometer  rarely  registering  above  60°  F. 

We  established  Camp  Number  Six  on  November  17  at  an  altitude  of 
G,300  feet  at  a  point  previously  selected  and  at  a  short  distance  below 
where  our  trail  ascended  to  the  crest  of  the  ridge.  No  running  water 
was  to  be  found  within  a  half  mile  of  the  eamp,  hut  the  practically 
constant  rain  which  prevailed  for  the  thirteen  succeeding  days  rendered 
the  distance  from  running  water  of  secondary  importance.  The  slopes 
on  the  north  were  very  precipitous  and  in  many  places  entirely  denuded 
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of  anil  and  vegetation,  wtiere  extensive  portions  of  tlie  mam  ridge  had 
slid  into  the  valley.  The  land  shdes,  some  of  them  of  recent  origin, 
preBent  a  bare,  rocky  face,  covered  only  in  places  with  a  scant  growth  of 
grass,  herbaceous  plants  and  small  hushes.  We  secured  a  magnificent, 
view  of  Halcon,  which  was  ]^  miles  distant  across  a  deep  valley,  by 
cutting  out  a  few  trees  on  the  steep  slopes  lielow  our  camp,  but  the  peak 
was  very  rarely  visible  because  of  the  prevailing  fog  and  rain.  Occasio- 
nally at  intervals  of  cessation  in  the  severe  storm  which  now  came  on, 
the  wind  would  drive  the  fog  away.  Judging  from  these  glimpses  it 
became  verj-  evident  to  us  that  from  our  present  position  the  only  route 
leading  to  the  latter  was  by  way  of  the  ridge  on  which  we  were.  On 
November  18  our  carriers  came  in  from  Subaan,  having  made  the  trip 
from  the  coast  in  three  and  one-half  days.  Some  were  retained  for 
work  about  the  camp,  some  were  sent  back  to  the  base  camp  at  the  Junc- 
tion of  the  Baco  and  Alag  Elvers  to  remain  there  until  further  orders, 
while  others  were  returned  to  Subaan  to  bring  in  food  to  supply  the 
party  on  the  trip  back  to  the  coast.  The  ones  whom  we  retained  at 
Camp  Number  Six  sufEered  much  from  the  cold  and  dampness,  as  also 
did  the  Americans  in  the  party. 

Realizing  that  our  food  supply  was  limited  and  that,  because  of  the 
present  storm,  the  Alag  would  be  uiifordable  and  accordingly  no  further 
supplies  could  be  brought  in,  it  was  deemed  unwise  to  remain  in  camp 
hoping  for  a  change  in  weather,  hence,  on  the  morning  of  Sovember  19, 
Mr.  Hutchinson  and  I  proceeded  by  way  of  the  ndge  to  an  altitude 
of  7,00((  feet  where  previously  we  hail  cleared  a  trail.  We  continued 
it  up  the  steep  slope,  attaining  the  main  ridge  at  an  altitude  of  7,8(10 
feet:  the  one  leading  to  Halcon  Peak  running  from  the  east  to  the 
west  at  about  right  angles  to  our  ridge  trail.  The  montane  brush  of 
the  upper  ridges  became  reducetl  to  an  open  heath  commencing  at  the 
crest  line  and  extending  for  some  distance  down  the  southern  slope,  the 
ground  cover  consisting  of  tufted  grasses,  with  only  occasionally  scat- 
tered stunted  bushes  and  shrubs,  a  most  grateful  change  from  the 
dense,  mossy  ridge  thickets  through  which  previously  we  had  been  obliged 
to  cut  trails.  However,  these  heath  lands  were  limited  in  extent  and  so 
we  passed  rapidly  through  them  and  found  the  succeeding  ridge  thickets 
to  be  very  much  more  dense  than  those  farther  down.  Progress  through 
them  was  literally  foot  by  foot  and  then  only  by  constant  use  of  bolo. 
The  heavy  rain  which  had  set  in  a  few  days  before,  still  continued  with- 
out cessatum,  adding  to  our  discomfort,  the  temperature  being  constantly 
below  15"  C.  Owing  to  the  low  temperature,  the  high  wind  and  the  con- 
tinual rain,  our  position  was  exceedingly  uncomfortable  and  at  times 
of  especially  hoa^y  downpours  the  warmth  of  our  Imdies  did  not  suffice 
to  keep  the  temperature  of  our  wet  clothes  up  to  a  degree  of  comfort, 
the  occassional,  heavy  bursts  of  cold  rain  cooling  the  liody  to  such  an 
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extent  that,  even  witli  the  very  active  and  arduous  work  of  trail  clearing 
in  the  dense  thickets,  our  sufferings  from  cold  were  greatly  accentuated. 
At  times,  as  we  came  to  the  crest  line,  the  cold  wind  would  add  to  our 
discomfort  although  much  of  the  time  we  were  fortunately  shelteretl  from 
it  b>  tht  tknse  thickets  Pitcher  plants  (Nepenthes)  became  very  abun- 
dant clambtring  ev  rywhere  in  the  thickets  so  that  in  cutting  our  way 
through  the  unlerbruih  at  fre^iuent  mttnals  our  bolo  slashes  would 
upset  the  equilibrium  of  from  one  to  a  half  lozen  ]»itchers,  each  holding 
one  halt  quart  or  more  of  water  iihuh  wouH  be  precipitated  upon  us. 
IhesL  iiregular  douches  were  far  more  disagreeable  than  the  constant 
shjwei  bath  from  the  falling  rain 

The  heath  land^  on  the  upper  ndges  wtrt,  interrupted  by  deep  ravines, 
fiUel  with  \erj  dense  vegetation  through  whith  progress  was  exceeilingiy 
skw  Unfortunately  for  us  tlieso  heath  1  in  I  wore  very  limited  in  area 
and  we  soon  caim  to  a  dui'ie  ridge  thickit  which  we  afterwards  learned 
continued  unintcrruptedh  to  the  •junimit  of  the  highest  peak.  Along 
this  ridgc  wt  ckarcd  a  narrow  trail  to  an  altitiiilo  of  about  H,;i(KI  feet. 
As  it  was  then  late  in  the  afternoon  anl  with  the  heavy  rain  still  wm- 
tinuing  we  returneil  to  eanip  arriving  just  after  dark.  On  November 
30  the  storm  was  much  more  se^ert  than  it  had  been  on  the  pret^eding' 
days  and  we  were  oblige!  to  remain  m  camp  having  little  to  do  other 
than  to  libten  to  the  constant  Irij  of  the  rain  and  the  roar  of  the  streams 
m  the  \a!le>  below  and  wondering  ah  ut  the  state  of  tlie  Alag  and  the 
safety  ot  our  base  camp  On  tlie  following  day  the  heavy  rain  con- 
tinued through  the  iiioming  but  it  slackened  at  midday,  so  that  we  loft 
C  amp  Number  Im\  at  noon  and  proi-te  led  up  to  the  main  ridge,  making 
(  aniji  Number  Seven  on  the  optn  heath  at  an  altituile  of  7,900  feet, 
carrying  with  us  a  tent  fly  and  blanket*,  as  well  as  food  for  three  days. 
The  earners  einplo>ed  m  transporting  the  material  to  the  high  ridge 
were  immediately  sent  back  to  Camp  Number  Six.  Ijgbt  rains  continued 
during  the  afternoon's  march,  but  toward  evening  the  clouds  lifted 
somewhat,  giving  us  an  indistinct  view  to  the  south  and  west.  The 
country  south  was  much  more  open  than  that  to  the  north,  many  of  the 
slopes  being  grass  covered  instead  of  forested,  and  a  numl)er  of  Mangyan' 
houses  were  to  be  seen  below  4,000  feet.  The  entire  country  toward 
the  south,  so  far  as  could  be  seen,  was  very  rough  and  mountainous,  but 
the  ocean  was  visible  to  the  southwest;  no  view  to  the  east  and  north 
could  be  obtained  owing  to  the  fogs  and  clouds.  At  the  point  where 
we  pitched  our  tent  a  well-defined  Mangyan  trail  crossed  the  main  ridge 
from  north  to  south,  apparently  leading  up  by  way  of  the  canon  of  the 
Haieon  River  or  by  one  of  its  tributaries,  or  from  one  of  the  Mangyan 
clearings  which  we  did  not  visit  As  the  trail  was  a  much  traveled  one 
it  seems  pn»bable  that  there  is  considerable  communication  between  the 
people  living  to  the  north  and  to  the  south  of  Ilalcon.     Evidently,  these 
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Mangjani  do  not  posRORs  the  usual  superstitions  rpgar<ling  lYionntairm 
tthich  an.  found  among  most  natives  of  the  Philippines,  or  at  least  not 
to  such  a  degree  as  to  present  them  from  ascending  the  high  ridges. 
Tiist  hefore  dark  the  heavy  storm  set  in  again,  continuing  all  night  and 
throughout  the  following  da\  In  spite  of  it,  we  left  camp  on  the 
morning  ot  Novemlier  ii  with  the  object  of  reaching  the  highest  point 
on  HaUon  Tn  pafwing  tram  the  point  where  we  stopped  trail  cutting  a 
few  da^B  hefore  to  the  summit  of  the  mountain,  we  encountered  the 
densest  thicketh  seen  on  the  entire  trip,  and  immediately  below  the  peak  it 
toik  two  men  three  and  one-half  hours  of  constant  and  heavy  work  with 
holes  to  open  a  very  narrow  trail  for  a  distance  of  less  than  one-half  a  mile. 
At  1  o  clock  m  the  atteinoon  of  November  S2,  twentynane  days  from  the 
coast  the  party  reached  the  highest  point  on  Halcon.  The  summit  being 
shrouded  m  Llouds,  no  *  lew  v,  is  obtained  ami  as  all  the  members  of  the 
party  where  suffering  severeh  from  the  cold  and  rain,  we  stopped  only 
long  enough  to  take  aneroid  readings  and  to  deposit  a  record  of  the  trip, 
which  was  placed  m  a  sealed  bottle  and  secured  to  the  largest  tree  on 
the  "unimit,  theie  being  no  bowlders  available  of  which  to  build  a  cairn. 
The  top  of  Haleon  is  a  somewhat  flattened  ridge  about  one-eighth  of  a 
mile  long,  sloping  gradually  to  the  southeast;  the  peak  is  covered 
with  a  dense  growth  of  stunted  trees,  none  of  them  more  than  10  feet 
in  height,  the  grouml  and  the  trunks,  branches  and  even  smaller  hranchlets 
of  the  trees  being  thinkly  covered  with  from  5  to  15  inches  of  moss. 

No  marks  of  a  trail  were  observed  and  no  signs  were  seen  anywhere  in 
the  vicinity  of  the  peak  which  would  indicate  that  the  summit  had  ever 
been  visited  b\  human  beings,  and  it  would  be  physically  impossible  for  any 
person  to  reach  it  through  the  dense  forest  growtli  without  leaving  signs 
of  trail  cutting.  Ijate  in  the  afternoon  the  party  arrived  at  Camp  Num- 
ber Seven  and  spent  a  most  disagreeable  night  in  wet  clothes  and  blankets, 
as  it  was  impossible  to  start  a  fire  because  of  the  continuous  wind  and 
rain  and  consequently  no  warm  food  could  be  prepared.  On.  the  morn- 
ing of  November  23  we  returned  to  Camp  Number  Six  and  during  the 
two  following  days  we  were  obliged  to  remain  there  because  of  the  storm. 
On  the  morning  of  November  36,  our  carriers  who  had  remained  at  the 
base  camp  at  the  junction  of  the  Alag  and  Bolton  Kivers,  came  back 
reporting  tlie  Alag  River  very  high  and  unfordable,  and  for  that  reason 
the  carriers  who  had  been  sent  to  Subaan  had  been  unable  to  return; 
moreover,  the  food  supply  at  the  base  camp  was  very  low.  As  we  had 
no  further  object  in  remaining  at  tlie  higher  altitudes  wo  broke  Camp 
Number  Six  on  the  morning  of  November  3G  with  the  intention  of  steeping 
that  night  at  the  large  Mangyan  house  described  on  page  183.  As  we 
had  but  few  carriers,  every  member  of  the  party  was  obliged  to  pack  a 
heavy  load.  The  topographer  and  hospital  corps  man  left  Camp  Num- 
ber Six  about  half  an  hour  before  the  remainder  of  the  party,  but  on 
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our  arrival  at  the  Afangyan  limi-<  tlin  «(rc  not  (o  l>o  foiiiid,  linviiij; 
n))pareiitly  lost  tlie  trail  nor  did  tliij  appiai  tliat  iiiglit 

On  the  following  itay  witli  tiio  MiHis\an  lioiiit  ns  lioaihjiiait^rs,  spaivli 
was  made  on  the  bark  trail  for  the  nu'«ing  men  ami  messongors  wen' 
sent  down  to  the  Alag  Rucr  to  see  if  tlR\  lial  armed  at  the  base  eamp. 
No  trace  of  them  was  found  on  this  daj  and  on  the  28th  the  search  was 
continued.  In  the  morning  word  was  reituid  that  they  had  not  ap- 
peared at  the  baiie  camp  and  atconlmglv  a  party  was  detailed  to  make 
a  more  thorough  search  on  the  back  trail  However,  in  the  aft^'rnoon 
the  lost  men  appeared  in  the  Mang^an  clearing.  Tt  seems  that  on  com- 
ing down  the  ridge  from  Camp  Number  Si\  they  had  missed  the  trail 
crossing  the  Jieadwaters  if  the  Cuming  River  and  had  proceeded  for 
some  distance  down  the  main  ridge  leading  toward  the  ITalcon  befori' 
discovering  their  mistake  Thinking  it  possihlo  that  they  could  easily 
reach  the  Alag  at  the  point  where  the  susiiLnsion  bridge  crossod  the 
canon,  they  continued  on  down  the  ridge  but  where  unable  to  reach  the 
stream  because  of  the  stetp  cliffs  A<cordinglv  they  retraced  their  steps 
for  some  distance  and  found  an  old  Mang^an  trail  which  they  followtid 
for  some  time,  crossing  the  Halcon  by  a  second  suspension  bridge  and 
again  attempting  to  reach  the  Alag  and  follow  it  to  the  junction  of  tlic 
Bolton  Biver,  but  onee  more,  because  of  the  dense  thickets  and  higli 
cliffs,  they  were  obliged  to  give  up  the  attempt.  Finally,  they  retraced 
their  steps  hy  the  main  riJige,  loc'ated  the  trail  crossing  the  headwaters 
of  the  Cnniing  River,  and  arrivwl  at  the  Maiigyan  house  after  having 
been  out  nearly  three  days  without  other  food  than  a  few  acorns  which 
they  found  in  the  forest.  While  we  were  searching  for  this  jiarty  on 
the  ridges,  they  were  in  the  canons  attempting  to  i-each  the  stn-ains  and 
accordingly  did  not  hear  our  shouts  or  shots. 

Because  of  the  weak  condition  of  the  men  who  had  been  lost,  no  further 
progress  was  made  until  December  1,  except  to  concentrate  our  supplies 
and  equipment  at  Camp  Number  Nine,  at  the  point  where  the  Bolton 
lliver  joints  the  Alag.  The  Alag  was  still  high  and  unfordable,  although 
the  water  was  about  six  feet  below  the  point  at  which  it  had  boon  a  few 
days  before.  All  members  of  the  party  had  been  on  short  rations  for 
several  days  and  there  seemed,  to  be  no  immediate  prospect  of  further 
supplies  reaching  us  from  the  coast.  On  the  afternoon  of  November 
30  a  rude  bridge  was  built  across  the  Alag  at  Camp  Number  Nine 
by  felling  trees  and  floating  the  trunks  down  stream  so  that  they  lodged 
against  bowlders  in  the  bed  of  the  river,  the  ends  of  the  trunks  being 
lashed  in  place  with  rattan  and  a  hand-rail  was  added.  A  brisk  rain 
in  the  night  caused  the  river  to  rise  considerably  and  one-half  of  the 
bridge  was  carried  away,  so  that  we  had  to  replace  it  on  the  following 
morning.  On  December  1,  the  first  clear  day  after  thirteen  days  and 
nights  of  nearly  constant  rain,  we  broke  Camp  Number  Nine  and  moved 


Hosted  by  Google 


198  MEERILi, 

all  the  material  across  the  rner  I  ut  as  we  had  with  ns  only  seve: 

a  t«mporar}  camp  was  e«tablibheit  on  the  opposite  bank  and  the  two 

American  sildierb  who  were  stili  m  a  weak  condition,  were  left  in  charge. 

At  noon  the  remaining  meiiiherB  of  the  party,  all  heavily  loaded, 
proceeded  dcwn  the  eaat  bank  of  the  Alag.  Many  difficulties  were 
encountered  luring  the  afternoon  In  a  number  of  places  where  bluffs 
arose  abrupth  trom  the  stream  and  which  on  the  up  trip  we  had  been 
able  to  a\oid  h^  fording  the  n-ser  we  were  now  obliged  to  climb,  fording 
being  entirely  out  of  the  question  These  frequent  detours  entailed 
extensive  trail  cutting  which  with  a  50-pound  pack,  soon  became  a 
decidedly  painful  operation  especialli  as  in  order  to  find  a  feasible  route 
we  had  frequently  to  climb  the  steep  banks  or  to  follow  the  nearly  as 
steep  ravines  to  a  height  of  two  or  three  hundred  feet  or  more.  Camp 
was  made  juit  afttr  dark  at  the  fiot  of  a  bluff  on  the  edge  of  the  river. 
A  daybreak  on  December  2  we  prtceeded  down  the  stream  to  a  point 
opposite  the  entrance  of  the  Egbert  Biver,  where  Camp  Number  Ten 
was  eetablibhed 

All  the  carriers  win  immediateh  sent  up  the  river  to  bring  down 
more  supplies  a  scout  who  succeeded  in  crossing  the  Alag  with  some 
difficultj  went  mt)  Subaan  lor  alditional  ones,  and  one  man  was 
sent  to  the  Binata^  Eiver  for  fwi  Fortunately  for  us  the  weather 
still  continued  clear  and  the  Alag  ftll  rapidly.  On  December  3  the 
carriers  were  again  dispatched  up  the  Alag  to  bring  down  the  remaining 
.  equipment  returning  to  c^n  p  lite  in  the  afternoon,  the  two  soldiers 
accompanMng  thtm  and  at  the  same  time  the  liearers  from  Subaan 
arrived,  reporting  that  tht\  hal  entountered  serious  difiiculties  in  cross- 
ing the  Alag  on  the  trip  back  to  the  coast,  but  that  they  had  finally 
reached  their  destination  and  started  back  with  supplies.  On  their  return, 
finding  that  the  river  was  high  and  that  it  was  impossible  to  cross,  they 
remained  on  the  north  bank  of  the  stream  for  three  days  waiting  for 
the  waters  to  subside,  and  then  returned  to  Subaan.  As  the  carriers 
came  in  late  in  the  afternoon  it  was  impossible  for  us  to  move  camp 
across  the  river  on  that  day.  A  heavy  rain  came  on  in  the  night  which 
caused  us  considerable  anxiety  for  the  reason  that  if  it  continued  for 
any  length  of  time,  we  should  be  unable  to  cross  the  river  on  tlie  follow- 
ing day  and  would  be  obliged  to  follow  the  stream  down  to  tfde-water 
along  the  south  bank. 

The  rain  continued  throughout  the  night  and  at  daybreak  we  found 
that  the  water  had  risen  about  six  inches,  so  that  the  stream  was  still 
fordable,  although  with  great  diflScuIty  and  considerable  danger.  Heavily 
loaded  carriers  with  the  assistance  of  one  or  two  men  without  loads  could 
usually  keep  their  footing,  but  some  of  them  were  carried  downstream 
by  the  current,  wetting  some  of  our  equipment.  The  Americans  in  the 
party  who  attempted  to  cross  without  loads,  depending  entirely  on  heavy 
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poles  for  assistance,  were  invariably  carried  clown  by  the  current  and 
were  obliged  to  swim  the  last  few  \ards  in  the  \ery  s«ift  water 
After  many  delays  and  heavy  work  all  the  equipment  was  taken  across 
the  river  and  transjiorted  to  the  top  of  the  ridge  between  the  Alag 
and  Einabay  Rivers,  where  Camp  Number  Eleven  was  established  The 
party  made  an  early  start  on  the  morning  of  December  5  and  jirocectlid 
by  way  of  the  Binabay  to  Subaan,  arriving  there  about  i  o  clock  m  the 
afternoon.  We  were  obliged  to  remain  in  Subaan  throughout  tin,  fol- 
lowing day  and  4  o'clock  on  the  morning  of  Dixiember  7  i  niharked  for 
Calapan  on  a  large  sailing  banca,  arriving  at  noon  On  the  night  of 
December  9,  after  forty  days,  the  party  retumeil  to  Alauila  having 
accomplished  the  objects  of  the  trip. 

<11:NEHAL   0BSKHVATI0N8. 

Ko  data  are  available  regarding  the  lanifall  m  Miu  Inro  but  ju  Igiug 
solely  from  the  vegetation  in  the  southern  part  of  the  Island  the  rainfall 
there  is  much  less  and  the  dry  season  much  more  prolonged  than  it  is  m 
the  North,  m  the  vicinity  of  Halcon  Ihe  presence  of  this  high  mountain 
and  its  subsidiary  ranges  causes  an  enormous  precipitation  extending 
continnoufily  over  nine  months  of  tiie  vcar  from  May  to  Januar),  while 
the  so-called  dry  months,  February  March  and  April  arc  not  always 
completely  so.  as  is  to  he  seen  from  the  heaiy  ram  encountered  b\  I  leut 
enant  Lee  in  April,  1SI04.  During  most  of  the  year  the  mountain  is 
shrouded  in  fogs  and  is  very  rarely  ontirel}  free  from  cloiidh  for  any 
extended  period.  Tlie  fact  that  the  rivers  flowing  from  the  Ilalcon 
Range,  although  comparatively  short,  carry  an  enormous  liody  of  water 
and  that  they  are  subject  to  great  and  frequent  floods,  as  hoth  our  party 
and  Whitehead  learned  from  experience,  would  indicate  an  abnormally 
heavy  rainfall.  The  vegetation  of  Halcon,  not  only  that  of  the  higher  alti- 
tudes, but  of  the  lowlands  'surrounding  the  mountain  and  extending  even 
to  the  coast  at  Baco,  demonstrates  a  Ingh  and  praetitally  uninterrupted 
humidity  throughout  the  >ear  Abundant  epiph^tet.  fimt-,  orchids  and 
other  plants  and  especially  the  filmy  fermi  which  are  diptndont  upon  a 
high  and  constant  humidity  for  their  existence  and  arc  identical  with, 
or  similar  to  the  species  on  other  mountains  in  the  Phi1ij>]>incs  at  altitudes 
above  3,000  feet,  are  found  in  the  Mcinity  of  Halcon  sometimes  at  sea 
level.  In  the  forests  along  the  n^erh  at  as  low  an  elevation  as  250  feet 
such  plants  are  abundant  and  man^  species  are  represented 

Halcon  is  covered  with  and  surrounded  b>  the  moht  dense  forests 
excepting  where  the  vegetation  has  been  destroyed  b^  the  Mangyans. 
From  the  limits  of  cultivated  land  along  the  coah.t  extending  inward  and 
up  to  an  altitude  of  3,000  ttet  the  trees  are  of  large  size  and  would  prove 
to  be  of  considerable  commercial  value  for  timber  if  the  (juestion  of  trans- 
portation were  a  more  simple  one      Beginning  at  an  altitude  of  about 
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1,300  feet  on  the  ridge  between  the  Alag  and  Binabay  and  at  ohoiit  D  or 
G  miles  from  the  nearest  Tagalog  settlements,  one  finds  traces  of  the 
Mangyans  in  clearings,  ocenpierl  or  deserted.  It  is  the  custom  of  these 
people  to  clear  a  given  area  by  chopping  down  the  trees  and  brush  and 
after  burning  it  over  they  plant  upland  rice,  com,  and  other  crops.  Such 
clearings  will  be  occupied  for  one  or  more  j-ears  until  the  soil  shows 
signs  of  exhaustion,  until  the  slopes  are  denuded  by  erosion  or  until  the 
exuberent  tropical  vegetation  becomes  too  great  an  obstacle  to  the 
primitive  agriculturist.  He  then  clears  another  piece  of  ground  and  the 
■  deserted  one  soon  reverts  to  its  former  forested  condition.  After  a  term 
of  years  the  same  land  may  be  cleared  again  by  the  same  methods.  Every- 
where on  the  more  gentle  slopes  from  the  Binabay  Eiver  to  an  altitude  of 
S  500  feet  on  Halcon,  we  observed  clearings  iii  all  stago  from  those 
freshly  cut  and  not  yet  burned  to  those  in  cultivation,  and  from  those 
recently  deserted  to  deanngs  m  all  stages  of  reversion  to  forest.  Some 
of  these  were  very  extMisive  ind  muit  have  entailed  a  greit  amount 
of  labor  for  manj  of  the  trees  felled  wore  3  feet  m  diameter  and  the 
only  tools  possessed  by  the  Mangyans  -ire  working  bolos  and  very  small, 
narrow  axe% 

Irom  a  forestry  standpoint,  practically  all  the  forests  m  the  im- 
mediate viLinity  of  Halcon  have  been  ruined  bj  the  above  methods  of 
clearing,  for  it  seems  evident  that  the  Mangyan  selects  virgin  woods  for 
his  work  of  destruction,  doubtless  because  he  has  found  from  experience 
that  the  soil  is  better  than  in  those  localities  where  be  has  previously 
cleared  and  which  have  reverted. 

The  fioristic  conditions '"  of  the  lower,  forests  indicate  high  and  con- 
tinuous humidity,  shown  by  the  munerous  ferns,  mosses  and  epiphytes. 
As  higher  altitudes  are  reached  these  epiphytes  become  progressively  more 
abundant,  until  on  the  exposed  crest-line  ridges,  beginning  at  4,000  feet,  the 
trees  are  found  to  he  completely  coveral  with  a  dense  mass  of  mosses  and 
epiphytes,  so  thick  and  close  that  frequtntly  the  bark  of  the  tree  is  not 
visible.  The  character  of  the  vegetation  entirel}  changes  the  constituent 
species  of  the  lower  forests  disappear  and  othei  s  totally  different  m  aspect 
take  their  place.  Various  species  of  oak  and  one  species  of  maple  are 
abundant  at  intermediate  altitudes,  but  on  the  ridges  the  vegetation  is 
largely  characterized  by  certain  species  found  in  inch  habitat''  throughout 
Malaya.  Epiphytic  ferns  and  orihids  and  other  plants  become  more 
plentiful  and  there  is  a  greater  diversity  m  species  mosses  are  much 
thicker  and  more  luxuriant,  enwrappmg  even  tht  branches  and  branchlets 
of  the  trees  and  forming  a  deep,  soft  soil  (.over  frequentlj  a  foot  in 
thickness.  Epiphytic  shrubs  and  vines  are  abundant  and  give  an  ad<led 
character  to  the  vegetation ;  rhododendrons  buckleberne'^  ra'.pbcrrics  and 

"For  an  account  of  the  Flora  (f  Mrunt  llalcoii  "e^  Merriil  this  Journal 
C.  Botany  (1907),  2,  261. 
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•  itlier  pknts  charaotOTiBtic  of  tlio  nioro  tomperate  regions  made  tlieir  aji- 
]»t'araiife,  and  the  pitcher  plant  (Nephenlhes),  beconK's  coiiniKni,  diiiibinp 
through  the  thickets.  The  vegetation  again  gradually  clinnguB  above  4,()(lt) 
feet,  tlie  trees  and  shrubs  become  more  stunted  and  dwarfed,  epiphytes 
inereast!  in  abimdaiieo,  peat  moss  appears  in  the  ground  cover  and  uiany  of 
the  constituent  species  of  trees,  shrubs,  herbaceous  ]>hints,  I'pl pliytes,  etc., 
'are  again  quite  different  from  tlie  ones  at  4,000  feet.  On  gaining  tlie 
liigh,  main  ridge,  at  7,800  feet,  there  is  a  most  ra<tical  change;  the  in()n- 
tane  brush  lias  Iwicomo  reduced  to  a  mere  heath  over  considerable  areas, 
the  ground  having  a  thin  cover  of  grasses  with  scattei-ed,  stunted  bushes 
and  shnibs,  a  rarious  mixture  of  north-ten  if  mrate  ami  Australian  types. 
'J'hese  heath  lands  disappear  along  the  ridge  towards  the  high  peak  and  the 
montane  brush  is  again  in  cvidenei',  but  nu>re  stnnted  and  innch  move 
dense  than  on  the  lower  ridgi.«;  epi]>hyticorclndRaiul  ferns  l>ecnnie  rediicetl 
to  few  species  and  there  is  a  corriftiponiliug  Increase  in  tlie  abundance 
and  density  of  the  mosses  and  lichens  wliicb  everywhere  cover  the  grounfl 
and  trunks  of  the  brnsh.  Small  branches,  even  no  largi'i'  than  the  linger, 
appear  to  be  (!  IncheK  or  more  in  thickness  owing  to  their  (h'nse  covering 
of  yellow  and  green  moss.  These  upper  thickets  represent  the  densest 
vegetation  I  have  ever  observed  in  the  Philippines.  It  was  almost  impos- 
sible to  penetrate  it  even  with  a  liberal  use  of  the  liolo. 


The  origin  of  most  of  the  mountains  in  the  Philippines  is  due  to  volcani*; 
activitv  but  Haicon  19  radically  diitinet  from  the  others  in  structure.  It 
Is  a  masi  of  granite,  whitt  quartz  sthist  and  marble.  Iron  pyrlti*  was 
observed  in  some  localities  whih  gold  in  small  amounts  is  found  in  the 
lands  of  the  streams  flowing  from  it  Slate  was  observed  by  Mr.  Me- 
Oaskev  a  short  distame  north  of  the  main  range.  In  general  strueture, 
so  far  as  can  be  d(t(,rmined  from  descriptions  to  bo  obtained,  Haicon 
f-eeiuv  geologiealh  to  be  the  samt  as  Mount  Kinabalii.  British  North 
Borneo  the  highest  jnak  in  tht  Mala\an  region. 

Haicon  Bangt  is  »  fold  the  mam  ridge  running  in  a  gcnemlly  cast 
and  west  direction,  irrtgnlar  in  profile  but  continuous  for  a  long  distance 
at  high  altitudes  So  fir  as  could  be  determined,  three  great  ridges 
radiate  from  the  mam  range  one  to  the  west,  one  to  the  south  and  one 
to  the  east,  while  to  the  north  especially,  the  slopes  are  very  precipitous 
and  show  several  subsidiary  spurs. 

Mindoro  itself  is  anomalous  in  some  respects  as  compared  with  other 
islands  of  the  Philippine  group,  but  labir  when  more  definite  knowl- 
edge is  secured  regarding  it  and  its  ntiighliors,  it  may  be  shown  that  it  is 
really  the  oldest  part  of  the  Archipelago  proper.  The  one  large  mamma! 
found  in  the  Philippines,  Buhalus  mindorensis,  said  to  be  most  closely 
related  to  a  Celebes  form,  is  confined  to  the  Island  of  Mindoro;  certain 
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genera  of  lowland  plants  such  as  inttarig  Chnj'iophpllum  Ochtho- 
t/(ffn«  etc  tharactonstic  of  the  Malajan  region  m  tht  west  and  south  are 
known  m  the  Philippines  onl\  fioin  Mindoro  while  the  plants  from  tho 
higher  altitudes  on  Halcon  show  remarkable  affinities  with  those  known 
frt  m  Mount  Kmalialu  North  Borneo  in  many  caies  thev  art  of  specific 
identity  and  encountered  only  m  the  two  lotUities  At  the  same  time 
there  is  a  remarkable  nunibtr  of  Australian  i^pe'>  prtstnt  m  the  Halcon 
flora  Irom  the  guilogieal  botanical  and  zoological  evidence  at  hand, 
indications  arc  found  which  would  seem  to  point  to  an  earh  lan<l  connec- 
tion between  Mindoro  md  'iome  groat  mass  to  the  west  and  south  but  at 
the  same  time  there  is  shown  a  prolonged  separation  and  apparenth  a 
greater  age  than  has  been  discovered  m  an^  other  part  of  the  Philippines 
proper  It  la  probable  that  Mindoro  in  the  larnus  disturbances  which 
have  from  time  to  time  buI  merged  portions  of  the  Archipelago  has 
constantly  remained  above  the  sea 

Extensive  collections  of  natural  history  specimens  were  made  on  the 
tnp  but  moat  of  the  material  was  collected  and  prepaied  under  tlit  mist 
adveree  conditions  A  sents  of  papers  biistd  on  this  matter  which  will 
add  much  to  our  knowledge  of  the  fauna  ind  fl  ra  of  the  Pbihpi  ines  is 
planned 

A  feasible  route  to  the  mountain  was  dihcoiercd  ind  mapped  and  it 
was  proved  that  Halcon  could  Ik,  ascended  e*en  at  the  most  unfavorable 
season  of  the  ^ear  Ihe  course  of  the  Alag  River  was  m  part  determined 
and  charted  thie  laige  stieani  not  being  shown  at  all  on  many  map  of  the 
Philippines     Several  of  its  tributanes  were  located  and  named 

To  anyone  contemplating  a  like  trip  on  Halcon  the  fallowing  reecm- 
inendations  will  prove  to  be  of  some  \alut  and  will  apply  as  well  to  many 
other  mountains  m  the  Philippines  Brown  so^p  should  lie  issued  reg- 
ularly to  the  native  carriers  to  be  used  as  a  leech  repellent  This  is 
smeared  on  the  bare  legs  once  or  several  timeu  a  diy  it  necessary  for  the 
loss  ot  bloDd  from  the  attacks  of  leeches  is  always  considerable  and 
serious  complications  which  might  cripple  a  party  m  regard  to  transporta- 
tion might  arise  from  a  resulting  infection,  for  on  Halcon  the  only 
feasible  method  of  transportation  is  by  carriers.  All  members  of  the 
party  wearing  shoes  should  be  equipped  with  woolen  puttees  instead  of 
leather  or  canvas  leggings,  as  the  former  are  proof  against  the  attacks  of 
leeches,  while  the  two  latter  give  no  protection  whatever.  Eyeholes  on 
shoes  should  be  smeared  with  soap  each  day.  Quinine  should  be  issued 
regularly  to  the  members  of  the  party  to  guard  against  outbreaks  of 
malaria.  All  supplies  needed  on  the  entire  trip  should  be  carried,  as  no 
food  can  be  secured  in  the  interior  of  Mindoro,  at  least  on  the  north  of 
the  Halcon  Range,  except  a  few  very  poor  camotes,  and  some  small  gamj; 
such  as  birds,  rats  and  monkeys,  the  latter  two  generally  not  being  con- 
sidered acceptable  food.     If  one  is  not  limited  as  to  time,  doubtless  the 
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best  carriers  for  sucli  a  trip  aw  wo  t<M»k  would  lie  tlu'  Mangyaiw,  but 
they  can  be  approaeliort  only  witli  diffioulty  and  because  of  tboir  supersti- 
tions can  not  be  ri'lied  ujion  to  stay  with  a  party.  As  carriers  arc  very 
difficult  to  secure  in  Mindoro  and  do  not  prove  «itisfB<'tory  even  when  they 
are  found,  they  should  be  swur'iI  at  some  ]Miint  in  LuKon  and  landed 
with  the  party  making  the  ascent.  Oanip  outfit  and  c([ui|)uient  sliould 
be  made  as  light  as  possible  and  f(M)d  should  Ik'  confined  to  essentials.  All 
food  supplies  and  equipment  should  he  wrap|ied  in  waterproof  packages; 
the  packs  should  bo  adapted  to  carriers  and  should  not  exceed  411  or  TiO 
pounds  in  weight  for  the  ordinary  carrier. 

The  proper  time  for  ascending  Halcon,  judging  from  (Uir  ini|H'rfect 
knowledge  of  tJie  rainfall  in  the  vicinity  of  the  mountain,  is  in  tho  months 
of  February,  March,  April,  and  May.  but  these  months  are  hy  no  means 
dry,  as  is  shown  by  Lieutenant  I/.k's  ex]HTionce  north  of  Halccm  in 
April.  During  the  remaining  months  of  tho  year  heavy  raius  prevail, 
and  anyone  penetrating  beyond  the  Alag  Ifivcr  on  our  route  would  do 
so  at  the  constant  risk  of  being  cut  off  from  his  base  of  supplies,  as  in 
reality  happened  to  oiir  party.  To  be  cut  off  for  any  ext(^ndcd  iwriod  in 
the  interior  of  Mindoro  would  be  in  most  cases  a  very  sitIohs  complication 
and  every  precaution  should  be  taken  to  avoid  it. 

My  acknowletlgmcnt  and  thanks  arc  due  to  Major  J.  K.  'J'hompson, 

,  United  States  Army,  for  the  accompanying  map  and  for  the  copies  of 

Lieutenant  Lee's  report;  and  to  Major  {Jeorge  1'.  Aliern,  Director  of 

Forestry  of  the  Philippine  Islands,  for  copies  of  Lieutenant  Jenning's 

and  Foresters  Merritt's  and  Hutchinson's  rojiorts. 
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ILLUSTRATION. 


Plate  1.  Sketch  map  of  route  tnken  by  exploring  .■speditinn   from  "Calupnn  to 
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INTRODUCTOliy. 

Hciiguet  aiid  some  portions  of  adjacent  northern  Luzon  have  licuii 
viwited  and  explored  by  numorous  scientists  and  travelers  and  in  addi- 
tion to  the  interest  which  the  region  and  its  inhabitants  have  aroused, 
the  undoubted  occurrence  of  gold,  appartaitly  in  considerable  quantity 
throughout  the  region,  has  increased  the  desire  for  more  knowledge  of 
this  part  of  the  Philippine  Islands. 

Almost  since  the  day  when  Spain  released  the  Islands  to  the  United 
States,  prospecting  and  development  of  the  mineral  resources  of  the 
country  has  gone  on  and  confidence  in  its  value  has  steadily  increased. 
With  that  confidence,  active  operations  have  gradually  expanded  and  at 
this  date,  the  mineral  wealth  of  the  Philippines  seems  to  be  assured.  The 
Benguet  district  in  particular  may  be  ranked  as  one  of  the  most  promising 
of  the  Islands. 

The  investigation  of  which  this  report  is  the  result  was  begun  by 
me  in  April,  1905,  anil  attention  was  first  turned  to  a  topographic  ma]) 
of  as  much  territory  as  seemed  to  be  under  immediate  development. 
Mapping  was  carried  on  over  the  area  covered  by  mineral  claims  and 
this  ground  was  extended  also  to  take  in  that  area  in  which  the  study 
of  the  geologic  and  related  problems  would  seem  to  have  a  bearing  on 
the  purely  economic  questions  involved.  With  the  assistance  of  one 
American  and  occasionally  a  few  Igorot«,  the  map  work  was  completed 
by  the  beginning  of  the  rainy  season  in  June.  The  area  embraces  about 
100  square  miles  including,  in  addition  to  the  work  of  the  writer,  a 
survey  of  the  Bued  River  caiion,  made  by  Major  L.  W.  V.  Kennon, 
United  States  Army,  when  he  was  in  charge  of  the  construction  of  the 
Benguet  road;  and  a  topographic  survey  of  the  immediate  vicinity  of 
Baguio  by  Mr.  6.  H.  Guerdrum,  assistant  engineer  of  the  Bureau  of 
Public  Works,  in  charge  of  Baguio  surveys. 

Stadia  work  with  a  transit  based  on  a  system  of  triangulation  of  the 
most  prominent  points  and  checked  by  traverses  and  rapid  reconnaissance 
methods  such  as  were  consistent  with  the  accuracy  require^l,  were  em- 
ployed to  accomplish  the  work  in  as  short  a  time  as  possible.  The  map, 
which  is  published  with  the  report,  includes  the  regi<m  between  Mount 
Saute  Tomas  on  the  west  and  the  limit  of  mining  or  prospecting  opera- 
tions on  the  east;  from  near  Trinidad  on  the  north  to  a  little  south  of 
Kias  or  "Camp  Four"  of  the  Benguet  road  on  the  south.  In  November, 
■  1905,  the  field  work  was  resumed  and  the  investigation  of  the  geology 
and  mines  taken  up  during  a  field  season  of  four  months. 

The  latter  work,  which  I  carried  out  alone,  only  using  native  labor  in 
transporting  specimens,  etc.,  was  undertaken  first  with  headquarters  at 
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Bagiiio,  from  winch  point  at  least  the  more  ckivated  portions  of  the  aroa 
could  be  reaeliOHl  by  aid  of  a  horse.  A  general  geologic  reconnaiasanco 
of  the  district  extending  hevond  the  inap])ed  aroa,  in  order  fully  to  grasp 
certain  broader  problems  was  followed  by  a  more  detuiknl  study  of  the 
geologic  relations  of  the  smaller  area.  Tlie  perhaps  extraordinary 
occurrence  and  sequence  of  geologic  ]»henoniona  in  so  limitetl  an  area 
made  this  portion  of  the  work  extremely  interesting,  and,  needless  to 
add,  correspondingly  difficult. 

Within  a  comparativeiy  limited  field,  the  stuily  of  recent  videanicm 
reveals  lava  flows  of  different  ages,  igneous  intrusions  of  notable  e.ttent 
and  the  still  active  evidence  of  numerous  h<)t  springs;  ore  dejMjsits  arc 
encovintered  of  undoubted  value  and  extent,  varying  in  type  from  free 
milling  gold  ores  to  "basic"  gold-bearing  sulphides  of  copper,  lead,  zinc 
and  iron;  sedimentary  beds  with  a  rich  fauna  can  lie  seen,  the  study 
of  which  may  l>e  vitally  important  to  broader  questions  of  the  former 
extent  of  the  Philippine  Islands,  or  rather  their  connection  with  con- 
tinental areas;  rarely  can  such  a  combination  be  found,  both  as  to  the 
interest  to  the  scientist  and  the  value  of  knowledge  to  be  gained  from 
an  economic  standpoint. 

With  the  information  acquiretl  by  me,  the  way  was  clear  to  a  closer 
study  of  smaller  areas  from  a  purely  economic  basis.  It  was  poR.sible 
by  camping  at  the  different  places  where  jtrosiwcting  and  mining  opera- 
tions were  going  on  thoroughly  to  examine  every  opening  of  importance. 
Ores  and  veins  were  inspected,  faults  measured — in  short,  all  that  was 
necessary  was  done  to  attain  the  total  of  information,  so  far  as  it  might 
bo  derived  from  the  present  stage  of  the  district  in  mine  development. 
Numerous  samplings  and  assays  aided  in  the  work,  anil  in  addition  some 
underground  surveys  were  made  where  vein  structure  or  dislocation  made 
it  advisable. 

In  the  field,  excepting  in  rare  instances,  every  assistance  and  coopera- 
tion was  met  with.  The  natives,  miners  and  otliers  with  whom  it  was 
necessary  and  desirable  to  come  in  contact  made  smooth  many  rough 
[laths,  and  this  brief  acknowledgment  of  those  courtesies  and  aids  may  be 
taken  as  but  a  fraction  of  the  a])preciation  of  the  writer. 

It  is  a  pleasure  to  record  the  aid  of  my  colleague  Mr.  W.  D.  Smith 
in  determining  and  classifying  the  fossil  remains  of  this  region  while  I 
was  studying  and  working  on  field  material  during  the  preparation  of 
this  report,  and  in  that  connection  no  little  eo6perati«m  was  rendered  by 
him  in  aiding  me  to  an  understanding  of  the  paleontology  and  the 
petrography  of  the  region;  this  will  be  spoken  of  later.  I  also  desire 
to  ex])ress  my  appreciation  of  three  weeks'  assistance  in  the  field  given 
me  bv  Mr.  Smith. 
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As  has  already  Ixien  wtated,  the  area  luapiK'tl  and  disuutiBtK!  in  tliis 
report  oinbraoes  about  100  sf|iiare  inilos,  of  which  Baguio,  althimgli  near 
tlie  northern  boundary  of  the  area,  ie  the  logical  center.  From  Baguio 
radiate  eueh  roadw  as  the  region  posnesHeH,  and  like  any  other,  the  tteveiop- 
mont  of  transportation  precedes  or  parallels  devclopincnt  along  all  other 
lines. 

Baguio  is  the  scat  of  governnicnt  of  the  entire  Pn)vince  of  Beiiguet ; 
its  location  is  given  in  the  Gazetteer  of  the  Philippine  Islands  for  1!)03 
as  approximately  in  longitude  1S0°  3H'  rAI"  ii.  and  in  latitude  Ki"  JiS'  N. 
Later  observations  give  exact  figures  as  latitude  l(i°  34'  27.14"  N.  ami 
longitude  180°  3(i'  li.d"  B.,  making  the  site  of  Baguio  souiewliat  less 
than  150  miles  almost  due  north  of  Manila. 


Biigiiiu  in  juaelied  I'roju  Manila  from  both  the  wmth  aud  the  wct^t,  aw 
will  be  seen  by  refert^nce  to  the  uiap  showing  trans]>ortation  nmtes  of  the 
region.  At  present,  llagupan  is  the  "farthest  north"  aa  far  as  rail 
transportation  from  Manila  is  concerned,  but  preliminary  work  is  well 
advanced  for  the  continuation  of  the  railroad  through  to  Camp  One  on 
the  Beuguet  road.  Tlie  western  coast  of  Luzon  is  also  marked  by  a  rail- 
road route,  and  a  few  years  more  will  see  it  in  operation.  From  the 
western  coast  and  the  foothills  at  Camp  One,  a  horse  trail  and  an  auto- 
mobile road  respectively  terminate  at  Baguio.  The  mineral  region  lies 
to  the  east  of  the  Benguot  road  and  that  region  will  be  spoken  of  in  this 
report  from  now  on  as  the  "Baguio  district."  Prospecting  or  mining  has 
been  done  to  a  more  limited  extent  outside  of  this  area  and  bo  little  definite 
information  has  been  gathered,  that  for  all  purposes  "Benguet,"  as  the 
miner  speaks  of  it  is  translated  mto  the  plateau  region  e\tending  easterly 
trom  the  ea--tcm  slope  of  Mount  Santo  ToinSs  and  lying  partly  on  the 
t-levattd  plateau  or  ridgo  which  ii  a  portion  of  a  northwest-southeast 
range  of  considerable  extLut,  and  for  the  remamdi.i  and  greater  part 
including  the  headwattra  of  those  fivlts  which  liavc  cut  laterally  and 
transvLrsel>  into  the  mam  moimtatn  mas'* 

In  this  region  transportation  is  gtntrillj  h)  tr«l  On  the  upiior  and 
moie  level  portion  of  the  area  and  especially  m  the  vieinit^  of  Baguio, 
eonhiderable  road  woik  has  been  dom.  Between  La  Tnnidid  and  Baguio 
a  goctd  wagon  road,  has  been  constructed  the  soutliern  continuation  of 
which  hai  been  earried  to  l^oacan  and  the  Lopper  King  mine  A  wagon 
road  has  been  built  to  Bua  fiom  Baguio  over  which  the  Benguet  Con- 
solidated Mining  Compam  hauled  the  null  recmth  in-italkd.  In  the 
region  set  apart  tor  a  summer  colon>  near  Baguio  numeious  drives  have 
been  laid  out. 
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Woll-frradod  horso  trails  liavo  liwn  construct*''!  from  Kias  to  Biigiiio, 
aroiiiicl  tlie  cast  flank  of  Kias  Itidgo,  and  from  Biia  to  Ifoj^on.  Tlicro  is 
some  form  of  trail  lictwocn  all  the  puehlon  and  l>arrias  of  tho  district, 
and  the  present  governor  of  the  province  is  cjirrvinf;  on  excellent  work 
in  the  construction  of  new  and  the  re|i!iir  of  old  lines  of  coininunieation. 

Freight  for  Uagnio  can  be  handled  via  stejuiier  t(r  Han  Fernando,  on 
the  west  coast  of  Luzon,  and  thence  to  Bagnio  over  |mrt  of  the  distanec 
(to  Nagniliiin)  hv  road  and  the  remainder  hy  i)a<'k  train,  a  total  distance 
of  ahout  !J5  miles  from  the  eotitit;  or,  as  at  present,  via  mil  to  Dagupan 
and  from  ]>agupan  to  Bagnio  over  tho  Bengnet  road.  The  fMstance 
from  Dagupau  to  Bagnio  via  the  Benguet  road  is  'iliJA  miles,  of  whieh 
the  distance  to  Camp  One  is  a(i.2  miles  over  flat  gniss  country.  Tht' 
construction  from  Uamp  One  on  is  that  which  has  attracted  considcrulile 
attention,  principally  because  of  its  high  cost — Jl^.^-OOO  per  mile,  or  a 
total  of  ahont  $2,500,00(1  to  the  date  of  nominal  completion. 

Tho  first  survey  of  this  road  was  made  late  in  190(t  and  an  estimate 
of  $75,000  for  coat  of  conatrnction  given.  Various  causes  contrihuted 
to  the  delay  in  completion  and  the  increased  cost,  and  it  was  not  until 
January,  1905,  that  it  was  possible  to  make  tho  through  trip  on  wheels. 
As  many  as  8,500  laborers  of  almost  every  nationality  woro  employtHl 
at  one  time  on  the  eonstruetion  work,  native  Filipino  labor  being  exten- 
aivcly  used.  An  elevation  from  sea  level  at  Dagupan,  and  a  slight 
elevation  at  Camp  One,  to  4,800  feet  at  Bagnio  is  gainctl  in  itH  50  miles 
of  length  with  an  actual  maximum  grade  of  10  [Kir  cent.  Whatever  the 
cost  (and  although  maintenance  costs  will  be  heavy)  the  roail  su]>|H)rta 
traffic  and  furnishes  the  only  real  highway  to  the  Baguio  district. 

The  route  from  Baguio  to  San  Fernando  is  i>erfectly  fi'asible  for 
cheap  wagon-road  constnietion  and  when  the  coast  railroad  is  completed 
to  the  latter  point,  the  coast  route  may  seriously  eomjwte  witli  the 
liengnct  mad  either  by  wagon  or  railroad  extension.  Present  freight 
ratea  from  Manila  to  Baguio  are  as  below; 

Iklaniln  to  JJnpTipnn,  rnil,  41  cents  (Pliilip|iinp  onrrpney)   por  100  )>oiini[H. 

Dati^iimn  to  linKiiio,  wii)^ii  3^  eontn  ( riiilippino  ciirrrni^)   jior  pniLticl. 

Manila  to  San  Fernando,  stemiipr,  V'fi  |>pr  ton  of  4(1  cubic  feet. 

San  Fernando  tfl  Ha^io,  packitift,  estimated  ¥3  por  100  |)ounilii. 

The  cheaper  route  la,  therefore,  via  Dagupan,  and  of  course  it  is 
quicker.  Pasaengeni  can  go  through  in  twelve  hours  from  llilanila  via 
rail  anil  automobile.  The  railroad  to  Camp  One  will  cut  time  and  prices, 
and  beyond  occasional  washouts,  etc.,  which  are  to  be  expected,  the 
Bagnio  district  will  at  the  close  of  1907  have  a  reliable  and  rapid  method 
of  communication  with  Manila. 

From  Baguio,  the  transportation  problem  is  one  of  small  magnitude. 
The  Copper  King  region  is  reached  by  an  almost  level  wagon  road  whieh 
needs  little  expense  for  maintenance.  Bua  is  reached  by  a  wagon  road 
of  a  maximnm  grade  of  C<  per  cent,  and  (rails  and  roads  to  the  Antaniok 
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and  Gold  Creek  region  art  ea--j  and  cheap  of  conitnietinn  and  mamte 
nance  if  properly  located  and  built  m  the  beginning  Wagon  transpor 
tation  IB  perfecth  ftasible  to  any  part  of  tlie  mineral  district  Hepairb 
will  not  be  eicChBive  provided  proper  ditching  is  done  and  culvtrt  work 
is  constructed  and  the  torrential  rams  of  the  •Junimor  are  taken  into 
account  anl  surh  small  lir]rtE;e  work  as  is  necesBiry  an  he  done  cheapiy 
with  tliL  abundant  stTJidm^  timl  rr  md  cheap  mtne  Inhor 


The  climate  of  this  region  has  been  much  discussed  because  of  tht 
proposed  u^e  of  Baguio  as  a  summtr  capital  and  as  a  Lonvalescmg  station 
for  the  United  States  Vrmy  Naiy  and  the  Civil  Ctnernmont  emploveC'^ 
of  the  Philippine  lalands.  Briefly  summarized,  from  various  reports  of 
the  Weather  Bureau,  the  following  may  be  stated : 

The  temperature,  taken  at  Baguio  and  representative  of  all  the  Baguio 
plateau,  is  on  the  average  consistently  lower  than  that  registered  at 
Manila  by  7"  C,  the  difference  ranging  between  7°  and  9°  C.  tliroughout 
the  year,  as  is  shown  by  the  following  table,  wliicli  is  a  plot  of  tlie  tem- 
perature variations  at  Baguio  and  Manila,  recordwl  during  1900  and  1901, 

The  daily  variation  ranges  from  3.4°  C.  to  8.7°  C,  the  changes  being 
quite  in  inverse  proportion  to  the  rainfall  and  increased  cloudiness. 

Vnrinlion  of  the  temperature  at  Bajjuio  and  Manila  for  the  yearn  1900  to  1001. 
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Tht  minimum  temperature  both  m  Manda  and  m  Benguet  is  reached 
m  February  with  a  second  mmimum  m  August  due  to  the  extraordinary 
rainfall  which  occurs  in  that  month  From  February  a  steady  nsc 
occurs  which  culminates  m  a  maximum  of  about  ^^°  0  m  April  the 
warmest  month,  followed  by  a  steadj  decline  to  the  end  "f  the  >ei(,  onlj 
broken  by  the  ^.ugust  depression  with  a  reiction  of  about  one  digree  in 
September 

The  annual  rainfall  coniiderobh  more  important  than  the  temperaturp 
amounting  to  oier  100  iiicliea  per  annum  pliee-  the  Bnguio  district  under  the 
classification  of  the  regions  of  abundint  rainfill  The  year  is  diiided  more 
or  less  diitmctly  into  a  dry  and  a  rainy  season  The  salubrious  ehmatc  of  tht 
region  at  least  during  the  drv  season  from  Febiuary  up  to  and  includinft  June 
IS  principally  due  to  the  rainfall  conditions.  As  there  ta  no  liigh  land  on  the  east 
and  south,  the  prevailing  winds  during  these  months,  from  the  west  and  southwest, 
cause  a  moderate  rainfall,  thereby  reducing  the  temperature  during  March,  April, 
May,  and  June. 
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RainfaUfoT  lSOO-1901  at  Bagnio,  in  nuUimeUrs. 
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During  tlip  Hume  jieriixi  tlic  minfall  at  Manila  omonntod  to  an  avprngp  ot  1.9Hfl 
ii]Iin>et«rs. 
From  September,  1902,  to  Awgust,  1903,  observations  were  na  below: 


Bept. 

Oct. 

Not. 

D... 

,„. 

,.b. 

Hot. 

Apr. 

May. 

,.„. 

jDly. 

Aug. 

602.7 

mi 

"■• 

24.1 

..1 

... 

I... 

.... 

m.B 

1M,4 

,00.8 

767.0 

Tola),  2,832.3  milltmelera  =  112. 77  Inohes. 

Care  in  road  construction  is  one  of  the  principal  necessities  caused  by 
rainfalls  of  sueli  magnitudes  as  arc  recorded,  and  the  drainage  in  the 
streams  creates  a  problem  of  control  to  ho  considered  wherever  water 
power  is  used.  During  the  rainy  season,  and  especially  after  one  of  the 
heavy  rains  of  a  few  hours'  duration,  where  20  inclies  or  more  may  be 
recorded  in  a  day,  streams  which  have  been  but  thremls  of  water  become 
rivers  of  great  velocity  and  power  for  harm. 

VEGETATION  AND  TIMBER. 

Open  grass  land  and  areas  of  pine  timber  constitute  almost  all  of  the 
Baguio  district,  with  the  grass  lands  predominating;  an  almost  inglgnifi- 
cant  percentage  of  agricultural  lands  also  exists.  A  thick  stand  of  eogon 
grass  of  3  or  3  feet  or  more  in  height,  which  is  burned  during  the 
dry  season,  is  on  the  open  grass  land,  and  these  areas  are  the  cattle  ranges 
of  the  country. 

The  timber  is  practically  all  pine,  of  one  species  {Pinus  insularis 
End!.) ;  it  resembles  the  loblolly  pine  of  the  southern  United  States  very 
closely  in  size,  form,  rate  of  growth  and  character  of  wood ;  when  it  is  on 
the  upper  slopes  and  ridges  in  more  open  and  exposed  stands,  it  is  very 
similar  to  the  western  United  States  yellow  pine.  The  forest  is  quite 
open,  with  heavier  growths  along  streams,  north  slopes  and  other  shel- 
tered locations.  Here  the  timber  attains  its  best  height  and  growth. 
Some  hard  wood  occurs,  hut  it  is  negligible  in  amount,  except  on  the 
summit  and  west  slopes  of  Mount  Santo  Tomfis. 

The  timber  will  average  about  100  feet  in  height  and  in  diameter  21 
inches,  giving  a  merchantable  length  of  S7  feet,  with  four  logs  with  a 
yield  of  about  550  to  750  hoard  feet  per  tree,  or  as  measured  on  a  given 
area,  a  cut  of  about  2,300  feet  per  acre,  the  entire  stand  amounting  to 
TjIJOO  feet  per  acre. 
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One  company  has  been  taking  out  timber  for  local  use  with  a  small 
mill  and  native  labor;  the  wood  which  up  to  the  present  has  beiai  used 
for  building* construction  was  of  sapwood  (Alburnum)  and  unseasoned; 
it  has  shrunk  and  warped  badly,  but  it  is  believed  that  with  proiwr  season- 
ing it  will  give  satisfaction  The  aapwood,  3'ellow  white  in  color  like 
tl»e  loblolly  pine,  rots  too  readily  in  contact  with  the  ground,  but  the 
light,  red-brown  hcartwood,  is  more  durable  it  is  frequently  very  resinouw, 
and  when  so,  is  practically  indestructible 

For  mining  purposes,  there  is  suiBcicnt  timber  within  every  distance 
to  satisfy  demands  for  some  time  to  come  for  a  camp  of  moderate  size_, 
and  with  a  greater  growth  of  the  mineral  industry,  logging  can  keep  pace 
with  development  at  a  reasonable  e\pODditure 

Agriculture  in  the  distnct  is  confined  to  a  very  small  area  and  only 
a  Burticient  amount  for  local  consumption  is  produced. 

The  population  of  the  Baguio  district  pioper  only  embraces  two  or 
three  barrios  of  small  sis!c.  Benguet  Province  has  a  population  (census 
of  1903)  of  33,745,  of  which  917  arc  civilized  and  31,939  "wild ;"  tliat  is, 
Tgorots.  The  civilized  population  which  is  congregated  almost  entirely 
in  Baguio  and  La  Trinidad,  consists  of  Ilocanos,  with  a  sprinkling  of 
other  coast  races.  The  total  population,  of  whicli  about  one-half  or 
approximately  11,000  are  males,  with  possibly  another  9,000  from  sur- 
rounding provinces,  represents  a  body  of  not  over  20,000  males  to  draw 
on  for  possible  labor.  "Possible"  is  used  advisedly,  for  of  this  number, 
iieeause  of  condition,  location,  aversion  to  work,  etc.,  it  is  not  believed 
that  more  than  several  thousand  arc  to  be  considerefl  in  any  way  as 
"probable"  labor.  The  Igorot  of  these  parts  at  least  is  a  mild-mannered 
brown  man,  small  in  stature,  but  well  endowed  physically,  whose  wants 
are  infinitesimal.  Experience  with  him  as  a  laborer  lias  demonstrated 
his  usefulness  to  a  degree.  A  considerable  number  of  the  race  are  quite 
familiar  with  crude  mining  operations  and  are  fair  workers  underground. 
Tliey  arc  fairly  intelligent,  peaceable  and  good,  natured,  and  when  for 
somo  cause  they  are  driven  to  labor,  arc — in  view  of  their  low  rate  of  wage 
(35  cents,  gold,  per  day)  and  efficiency — satisfactory,  unskilled  laborers. 
Anything  beyond  that  can  not  be  looked  for  and  moreover  there  are  but 
few  of  tbeni  who  will  remain  in  employment  for  any  length  of  time, 

irYDROGBAPItY. 

Probable  nowhere  in  the  Philippine  Islands  is  the  work  of  rain  and 
running  water  so  clearly  indicated  as  in  the  Baguio  district  and  vicinity. 
Changes  take  place  in  the  surface  of  the  area;  drainage  shifts,  and  the 
topography  alters  almost  visibly  from  day  to  day.  The  drainage  of  the 
region  is  noteworthy. 
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Although  tht'  Afrno,  tho  largpst  rivor  of  tlio  rrovinct'  of  Bonfjuot,  is 
hejond  the  hortlcr  of  tlic  tlistrict  to  the  east,  it  lias  an  important  bearin;; 
on  the  drainage.  The  headwaters  of  this  river  an'  on  the  eastern  flank 
of  Mount  Data,  tho  divide  between  southern  lA'panto  anil  nortlicastern 
Ilenguet,  and  in  its  passafre  south  to  the  plains  of  I'angasinan  it  fratliers 
the  run  off  from  the  western  slopes  of  the  main  niounhiin  range,  the  Cnr- 
dillera  Centra},  the  baekhone  of  Tjiikou,  aixl  the  cawt^'m  slopes  of  i\w 
smaller  range  and  ridge  which  forks  s.Hitliwontei'ly  from  Datu  and  teniit- 
nates  at  Santo  Totmis,  forming  the  Hciiguii  highhunl.  Then'fore,  it 
gathers  meteoric  waters  over  a  coiiiparati\'elv  large  area,  and  erosiim  hy 
it  and  iU  tributjirii's  lias  been  eonsiderahle.  All  the  drainage  from  the 
eastern  half  of  the  Bagnio  district  fwds  into  one  branch,  the  Itogoii. 

The  Antaniok  Kiver  drains  the  smaller  valley  east  of  the  I'akflal-ltogon 
Hidge;  it  is  quite  dissimilar  to  the  rest  of  the  drainage  in  that  it  pos- 
sesses no  tributaries  of  any  magnitude.  Although  the  valley  has  hiH'n 
deeply  incised,  no  lateral  streams  have  kept  paec  with  it  within  tlio  map 
limits.  At  its  headwaters  oast  of  I'akdal  there  Js  nioiv  or  less  of  a  basin 
of  auxiliary  drainage;  at  Bua,  one  small  western  branch  is  develoited, 
and  east  of  Antamok  a  somewhat  larger  branch  to  tlio  north  has  cut 
into  tht  eastern  wall  of  the  v  ilk^  1  ut  erosion  1  as  generally  I  ■<  n  eonfini  1 
to  the  mim  valky  Some  ruigh  measurements  on  tie  Vntamok  in  the 
dry  "reason  gave  the  quantit\  of  water  flowing  as  1  '00  (ubn,  feet  per 
mmutt  or  ZQ  seconl  f^tt  1'  WLr  is  being  taken  from  the  rmr  at  this 
poi»t  fir  iisL  m  a  stimp  mill  md  devtl  [  1  by  pipe  lin  and  impulse 
wheel 

A  short  distance  below  Antamck  the  Vntamok  Rivtr  juns  the  Itogon 
of  which  it  IS  a  lateral  tributary  The  Itogon  drams  the  ana  fr  m  tin 
Pakdal  Jtof,on  Itidgt  to  the  Kias  Itidgt  through  Be\Lral  gool  si^ed 
streams  and  through  the  &ile  or  Gold  Creek  the  Batwaan  and  mxny 
smaller  streams  Gold  trtek  has  the  lar,:;er  territory  heading,  m  the 
eastern  and  southern  si  lis  of  the  Bagiio  Plate  xu  and  Teaching  the  Kias 
B  Ige  with  its  eastern  branches  Its  volume  norma]]\  is  gre-ater  than 
that  of  the  \jitamok  and  throughout  its  area  the  lateral  branches  have 
kept  pace  with  the  erosion  of  the  main  channel  cutting  a  well  lefine<l 
I  a.  m  between  the  Ivias  and  the  Pakdal  Itogon  Kidgos 

The  Batuaan  heads  m  the  southern  end  of  the  Jvias  Itidgc  an!  agim 
resembles  the  \ntamok  m  its  clean  cut  valley  with  little  lattril  evtemiion 
The  system  elescnbed  above  eonatitutes  the  Iramigc  of  the  larg  r  anl 
eastern  part  if  the  Baguio  district 

The  Baguio  Plateau  is  dramel  to  the  north  ml  west  directh  to  the 
China  Sea  via  tho  Irisan  and  Tnnidal  Rivers  which  m  the  Baguio 
d  strict  proper  are  mere  creeks    cutting  si  g]  t  \alleyH  m  the  plateau 
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Their  work  has  berai  different  from  the  erosion  of  the  southern  portion 
of  the  area  and  except  for  the  drainage  purpose  they  serve,  they  are ' 
unimportant.     This  will  he  further  discussed  under  physiography. 

On  the  western  side  of  the  Baguio-Kias  Eidge,  the  Bued,  or  Moti  River 
is  the  channel  through  which  drainage  proceeds  Tht  origin  of  the  Bued 
is  not  far  from  Baguio  tn  the  platnu  and  after  collecting  the  wateri 
of  the  ele\  itt-d  regions  it  eaU  ith  way  between  Miunt  Sinto  Tonids  and 
the  Kias  Ridge  south  to  the  plains  LateraK  tributan  s  are  numerous 
and  some  of  thtm  like  the  Balatok  f  reek  at  Kian  and  the  large  tributary 
(the  Quiiat  m  the  native  dialect)  coming  m  a^t  of  the  crest  of  Santo 
TomAs,  ha\e  m  eros  on  almost  kept  pace  with  the  main  stream  The 
Bued  River  canon  i=!  the  most  notewortl  v  in  the  diitiict  Cut  m  a 
gentle  reversed  curv  from  the  >de;o  of  tht  Ba^uio  Plateiu  to  the 
debouchement  on  the  plain  lelow  at  Caonugan  anl  m  dqth  o\er 
3,000  fett  to  the  bed  of  th  stream  thih  gorge  s  opened  up  by  tl  ( 
Benguefc  roa/1  on  its  lower  ilopes  where  formerly  travel  was  well  n  gh 
impossible  the  old  Igorot  trails  being  on  the  ridg  &  on  either  side 

Viewed  from  the  stinlpoint  of  po.Billc  water  supplj  the  region  is 
well  watered  e^en  m  the  dr>  auasm  Numcrou  laige  and  pure  streams 
enough  to  buppl^  a  i  pulation  is  numer  u''  la  will  prohabh  evir  occur 
on  the  Baguio  Plateau  exiit  there  The  district  throughout  is  well 
supplied  with  potable  water  anl  although  b}  th  irl  itrar\  map  bounl 
aries,  certain  hft  springs  do  not  fill  within  its  lin  it  imy  h^  well  to 
mention  them 


Large  sulphur  springs  which  have  been  used  for  ages  for  medicinal 
purposes  by  both  natives  and  others  in  the  country  are  found  in  the 
lower  part  of  the  Bued  River  canon,  a  half  mile  or  so  below  Balongabong 
or  Twin  Peaks,  on  the  west  bank  of  the  river.  These  springs  have  a 
temperature  of  about  50°  C.  and  are  distinctly  sulphurous.  Other 
smaller  and  similar  springs  may  be  noticed  at  various  places  along  the 
river  above. 

On  the  Itogon  River  just  outside  of  the  eastern  boundary  of  the  map 
of  the  district  accompanying  this  paper,  is  a  group  of  hot  mineral  springs 
which  have  formed  deposits  of  considerable  extent.  The  water  in  these 
has  a  temperature  of  about  80°  C.  and  in  several  of  them  dibtinct  geyser 
action,  with  an  intermittent  flow  of  some  force,  is  noticeable.  The 
springs  are  saluie  and  some  of  them  contain  sulphuretteil  hydrogen  gas. 
The  most  noteworthy  constituents  of  the  water,  by  analysis,  are :  carbonic 
acid  gas,  sodium  chloride,  sodium  and  calcium  sulphates,  silica,  calcium 
and  iron  bicarbonates  and  nitrt^en,  a  total  of  about  3.5  grams  of  salt 
in  solution  in  a  liter.  The  spring  is  claimed  to  be  very  beneficial  for 
medicinal  purposes  and  it  could  well  he  utilized  by  proper  construction, 
as  it  is  less  than  10  miles  from  Bagnio. 
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North  of  the  Bnguio  distntt,  at  Tublay,  liot  springs  also  exist  of  the 
same  general  eliaraeter,  but  shglitlj  lower  in  temperature  {70°  G.)  and 
containing  a  smaller  amount  of  salts  in  solution.  Iron  springs,  now 
apparently  quiet,  have  left  large  depoiits  in  the  vinnity  of  Bna,  and  in 
various  other  localities  hot-sprmg  action  is  plainlv  indicated 

The  northern  part  of  Benguet  Province  is  particularly  richly  endowed 
with  mineral  springs,  Jiot  and  cold,  and  the  geologv  of  this  nnd  adjuecnt 
regions  dearly  indicates,  geologically  speaking  tlie  c^idnm  of  only 
recent  vulciinism,  or  more  strictly,  its  final  and  dym^'  pliinomnia. 

PnYSIOGaAPlIY    AND  TOrOGll/VrilY. 

The  Bagnio  district — that  is,  tlie  region  covered  hy  the  topographic 
map  accompanying  this  paper — is  a  small  portion  of  a  part  of  northern 
TiUKon,  with  which  it  is  very  closely  connected  and  of  which  it  is  rop- 
rosontative;  it  so  happens  that  this  small  region  is  immediately  on  one 
of  the  main  tectonic  axes  of  the  Philippine  Islands,  and  Iicncc  of  tlie 
Malayan  Areliipciago.  The  Cordillera  del  Norte  situate*!  a  few  milcH 
to  the  east  of  Baguio  is  the  main  axis,  at  least  of  the  western  half  of 
northern  Luzon.  The  mountain  system  of  Benguet,  on  the  southern  end 
of  which  the  Baguio  district  is  locatixl,  ifi  only  one  of  tlie  many  rami- 
fications of  this  master  axis,  which  has  its  origin  on  the  oast  side  of 
southern  Luzon  and  which  may  safely  be  continued  to  east  Mindanao. 
This  major  axis  is  probahly  one  of  tlie  original  tectonic  axes  of  the  Asiatic 
Continent,  formed  by  the  wrinkling  of  the  more  plastic  crust  of  the 
earth  as  the  globe  has  contracted.  In  it  the  oldest  of  the  Philippine 
rocks  are  found  and  on  it  ail  of  the  agencies  of  construction  and  destruc- 
tion have  been  at  work  since  the  Philippine  Islands,  as  such,  originated. 

Throughout  the  Province  of  Benguet  there  runs  a  subsidiary  -chain, 
the  two  ends  of  which  are  established  by  Mount  Datd  on  the  north  and 
by  Mount  Santo  Tomas  on  the  south;  this  range,  or  more  strictly 
speaking,  this  ridge,  describes  a  curve,  concave  to  the  east. 

The  Agno  River,  cutting  its  valley,  which  originally  was  a  purely 
tectonic  depression,  between  the  Benguet  Ridge  and  its  main  trunk,  the 
CordUlera,  has  incised  its  main  valley  so  deeply  and  has,  by  erosion  of 
its  tributaries  over  its  catch  basin,  removed  such  an  amount  of  material 
to  the  plains  lying  toward  the  south,  that  the  Benguet  Kidge  stands  out 
as  a  mountain  range,  small  but  fully  developed,  between  the  coastal 
plain  along  the  China  Sea  and  the  Gardillera  Central  del  Norte,  the 
backbone  of  Luzon,  with  a  large  valley,  that  of  the  Agno  River,  separ- 
ating them.  The  mountain  region  of  Benguet  then,  of  rfhich  the 
Baguio  district  is  representative,  is  of  this  simple  type.  It  represents 
no  diastrophic  change  of  the  earth's  crust,  as  the  "block"  type  of 
mountains  in  which  huge  blocks  of  strata  have  been  uplifted  along  a 
fault  plane  and  tilted  into  prominence,  as  is  the  case  in  the  southern 
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Oregon  (United  States)  ranges  an!  i  trut  of  other  parts  of  the  Great 
Basin  region  of  the  United  &tafa?s  nor  doti  it  represent  the  fohled  type 
of  which  the  Alp-t  are  the  mo-^t  fimiliar  example  huge  folds  and 
pvertnms  of  strata  likt  crumplmge  of  so  much  paper  The  strata 
covering  th<.  cast  anl  west  flanks  of  the  Philippine  mountain  area=i  have 
been  gentlv  raised  ind  broken  leaving  the  ends  of  the  arth  on  cither 
silc  but  a  part  of  this  tiUmg  was  liic  to  the  formation  of  the  sea 
depofiitfl  on  the  already  inelmcd  floor  of  the  mass  where  the  ridgt  has 
hctn  producel  iiioreov(r  then  hns  (nly  hern  tonipiratnclj  gentle 
archinp,. 


Beginning  with  a  small  region  which  locally  represents  such  a  simple 
typo  of  elevated  country,  there  is  developed  within  it  four  dih'tinct  phys- 
iographic types: 

(1)  The  mountain  region. 

(3)  The  elevated  plateau. 

(3)  The  intcrmctliate  uplands. 

(4)  The  incised-vallcy  system. 


The  mountain  region  is  barely  represented.  The  eminence  of  Pakdai 
is  a  remnant,  no  doubt,  of  the  original  ridge  which  ran  north  at  an 
elevation  of  probahly  over  G,000  feet,  to  join  the  higher  region  of  north- 
ern Eenguct.  It  stands  up  from  tlie  eastern  edge  of  the  Baguio  Plateau 
to  a  height  of  about  5,500  feet,  and  though  seen  from  the  west  its  eleva- 
tion is  not  particularly  noteworthy,  the  absence  of  the  plateau  on  the 
east  reveals  the  height  of  this  region  in  the  drop-off  to  the  valiey  of  the 
Antamok  River  and  in  the  unobstructed  view  of  the  Agno  Valley  and 
the  main  Cordillera  to  the  cast  from  the  top  of  the  ridge. 

Mount  SMito  Tomas  on  the  other  hand  is  a  part  of  tlio  "mountain 
region,"  but  it  is  so  only  because  of  its  height.  It  is  not,  as  is  Pakdai,  a 
remnant  of  the  former  configuration.  Santo  Tomds  is  a  block  mountain 
of  tlie  faulted  type  and  it  is  locally  developed,  being  tlie  only  instance 
of  such  development  in  the  Baguio  district.  A  fault  scarp  of  about 
1,500  feet  marks  the  nortlieastem  slope,  which  is  closer  to  a  vertical  tlian 
to  a  horizontal  plane.  The  tilting  of  this  large  block  of  sedimentaries 
ia  plainly  to  be  seen  from  the  Bued  River  side  of  the  Baguio  Plateau 
and  the  comer  of  the  block — the  crest  of  Santo  Tomas — at  7,343  feet 
above  sea  level,  is  as  sharply  defined  as  it  could  be  pictured.  Because 
Santo  Tomas  is  on  the  edge  of  the  plateau  the  height  is  more  apparent 
from  the  south  and  west,  where  the  slopes  of  the  mountain  run  down 
to  the  coastal  plain.  From  the  plateau  side,  where  there  is  a  difference 
of  elevation  of  less  than  3,500  feet,  this  height  is  not  as  noticcalilc. 
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Tyjiical  iiiountain  topograjilny  prevails  on  l>oth  tlifac  I'liiini'iirc-s  (Santo 
Tomas  being  indiitleJ,  altliough  abnormal) ,  Tliorc  is  bnt  littlo  ftood 
water,  almost  none  in  fact,  at  these  clovationin,  standinjr  as  they  ilo  elear 
of  all  the  surrounding  country;  eonsefiuentlj-  all  erosion  is  a  diveet 
Twuit  of  the  very  eonsitlerable  rainfall  of  100  to  120  inches  per  annum. 
Denudation  has  been  rapid,  esjiccially  on  Santo  'I'omas  and  deep  scars 
have  been  cut  into  its  flanks  by  the  erosion  of  the  streams  carrying  the 
run-off.  All  the  streams  are  naturally  far  above  base  level,  and  deep, 
V-shaped  gorffcs  represent  the  type  of  stream  beds.  While  frost  is  rare 
here,  the  difference  in  temperature  is  sufficiently  great,  no  doubt,  some- 
what to  aid  in  tlic  disintegration  of  the  roeks.  Steep  slopes  prevail, 
and  talus  is  carried  away  by  tJie  excessive  erosion,  sn  that  sharpness  of 
outline  continues  to  exist. 


The  Bagnio  Plateau  is  the  inoht  i-trdimg  of  the  lour  phv-iogiaphiL 
types  of  the  region.  It  is  a  jKneplam  of  limited  extent,  with  an  average 
elevation  of  about  5,000  feet  and  with  a  diainage  and  topography  so 
characteristic  of  a  lowland  region,  that,  vio«ed  from  a  central  point 
where  the  valleys  of  the  Bued  and  Agno  Encr  drainage  are  not  visible, 
it  is  hard  to  realize  the  situation  of  the  area. 

The  drainage  is  not  deeply  marked  and  there  is  plain  evidence  of  mucli 
shifting  of  divides  and  valleys.  Only  small  streams  prevail  over  the 
region  and  except  for  transitional  border  areas  where  gradients  are  in- 
creased very  rapidly  before  the  streams  drop  off  into  the  deeper  valleys,  the 
erosion  has  not  been  great  in  stream  beds.  Baguio  proper  drains  to  the 
north  into  the  Irisan  and  Trinidad  Rivers.  The  Pakdal  area  divides  its 
drainage  between  the  north,  uniting  with  that  from  Baguio,  and  the  south- 
east, draining  into  the  deeper  valley  of  the  Agno  tributaries.  There  are 
no  streams  of  any  size  in  this  portion  of  the  district  and  the  large  rainfall 
seems  to  be  partly  added  to  the  ground  water  and  partly  run  off  in 
numerous  small  channels,  rather  tlian  through  any  well  defined  system. 

South  of  Baguio  and  Pakdal  the  drainage  is  to  the  east  and  west  of 
the  Baguio-Kias  Eidge,  into  both  the  Bued  and  Agno  waterways.  The 
tojiographj  is  of  a  mature  type  over  the  entire  region,  J^w,  rounded 
hills  with  gentle  slopes,  grmled  valleys  with  low  gradients  and  in  part 
winding  streams  which  show  some  small  amount  of  rejuvenation  in  the 
more  deeply  cut  valleys  exist,  but  they  have  not  altered  the  serpentine 
course  they  followed  originally.  The  stream  draining  Baguio  affords  one 
instance  of  this  character.  It  is  a  barely  noticeable  brook  from  the  divide 
where  it  originates  up  to  a  ponding , which  occurs  south  of  Baguio; 
the  softer  rock  materials  here  have  yielded  to  erosion  and  the  stream, 
although  formerly  large  and  flowing  directly  from  the  depression  through 
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a  now  deserted  wind  gap  to  the  north,  has  barely  fcuificient  gradient  to 
join  the  Paltdal  drainage  to  the  eatit  of  Baguio,  where  a  sniali,  well-definod 
valley,  with  blopcs  and  a  gradient  out  of  all  proportion  to  the  remainder 
of  the  drainage  back  of  it,  joins  with  a  Heeond  flattened  area  north  of 
Baguio,     From  this  it  finally  eseapes  info  the  Trinidad  River. 

The  headwaters  of  the  Pakdal  are  merely  rivulets  which  follow  such 
valleys  as  they  have  themselves  been  able  to  cut  during  the  seasonal  rains, 
and  jn  many  inatances  the  shifting  of  the  local  divide  for  a  few  feet  has 
resulted  in  the  capture  of  adjacent  streams  and  the  abandonment  of  the 
older  channels. 

The  Pias  Valley  is  more  marked  and  although  it  is  relatively  of  small 
ftizo,  it  has  rounded  out  a  fairly  mature  existence  before  it  drops  off  into 
tho  Buofl  Elver  channel  west  of  liaoacan.  At  Ijaoacan  another  old  valley, 
now  devoted  to  the  cultivation  of  rice  and  which  has  a  small  stream 
flowing  through  it,  is  evidently  a  relic  of  the  former  drainage  of  the 
region.  This  valley  is  mature  and  almost  devoid  of  running  water;  at 
its  moutli  it  drojffi  ofE  through  a  declivity  of  almost  a  thousand  feet  to 
the  valley  of  tlie  Bued  River. 

The  drainage  of  the  whole  ])lateau  is  striking  in  that  in  itself  it  ex- 
hibits every  evidence  of  maturity  and  that  only  the  corrasion  of  the  near 
and  the  more  powerful  superimposed  drainage  hah  thrown  it  into  relief, 
at  an  elevation  of  5,000  feet  and  over. 


Tlie  intermediate  uplands  are  represented  by  the  drainage  of  the  Bued 
and  Agno  Kiver  tributaries.  The  elevation  of  these  regions  ranges  from 
2,500  to  4,500  feet,  and  as  they  are  evidently  confined  to  one  period,  they 
are  normal  in  every  particular;  with  the  valleys  of  the  Antamok,  Eatuaan 
and  Gold  Rivers  and  their  total  drainage  area,  the  intermediate  uplands 
and  the  valleys  they  constitute  one  region,  all  lying  to  the  east  of  the 
Baguio-Kias  Eidge.  A  comprehensive  view  of  the  region  from  either  the 
Pakdal  or  Kias  elevation  shows  that  the  central  valley,  namely  that  of  the 
Gold  River,  is  the  more  mature.  The  Antamok  and  Batuaan  streams 
have  conflned  their  work  io  the  cutting  of  steep-walled  valleys  with  few 
lateral  tributaries ;  their  slopes  are  steep,  with  a  gradient  generally  of  over 
:tO°,  and  both  streams  maintain  a  fairly  direct  course.  Their  headwaters 
arc  basin-like  in  character  and  in  these  situations  erosion  is  pronounced. 
The  Gold  River  has  been  widened  to  a  greater  extent  by  lateral  tributaries, 
and  it  presents  a  valley  broad  enough  and  sufficiently  graded  to  support 
several  small  villages  with  their  attendant  industries,  agriculture  and 
the  raising  of  cattle. 


Hosted  by  Google 


j  by  Google 


Hosted  by  Google 


j  by  Google 


Hosted  by  Google 


j  by  Google 


Hosted  by  Google 


j  by  Google 


Hosted  by  Google 


BAGL'K)    MINERAL    IHSTUICT. 


As  has  boL'ii  statwl  before,  the  Bued  A''alley  is  noteworthy  for  it« 
beauty  and  grandeur.  Its  side  siopcs  will  average  much  over  30°  and 
in  that  portion  of  it  covered  by  the  map,  it  gains  an  elevation  of  from 
3,000  to  5,000  feet.  In  the  transverse  section  tliere  is  evidence  of  several 
stages  of  deepening  and  at  Kias  there  is  pronounccMl  evidence  of  recent 
uplift  tilting  from  thi,  =!outh  nowhere  is  the  V  shaped  gorge  sufficiently 
wide  at  IS  bottom  nor  sufficientlv  gentl(  ->f  pIoik.  to  support  more  than 
an  Igorot  hut  or  t«o  and  it  is  onlv  sinci.  the  constriution  of  tliL  Ben 
,j;iict  road  aljng  the  vail  y  that  it  ha.s  betn  the  scent  of  human  activity 
Hanging  valk^s  are  common  along  itfe  course  and  the  entin,  tvidenco 
of  topographic  forms  tends  to  tho  concluwon  that  the  drainage  liaa 
betn  of  more  recent  origin  than  that  of  the  Bagnio  Plateau  It  is 
especially  evident  that  tins  i  the  ca'^i  where  lat  ral  gorges  enter  the 
mam  v\Ik>  ml  at  tho  bouthern  nd  f  the  valky  the  present  stream 
IS  cuttmp,  at  a  rapid  rate  Aeititally  into  it->  ^  shaped  canon 


Although  the  Bagulo  district  is  but  small  in  area,  there  are  involved 
in  it  geological  problems  almost  too  broad  and  complex  to  be  within  the 
scope  of  this  rcconnaisaancc.  Such  data  as  have  been  gathero<l,  and 
which  will  have  to  serve  until  a  study  may  be  made  of  a  more  extended 
iield,  will  he  subject  to  greater  or  less  modifications  in  the  light  of 
future  work.  Beginning  with  the  oldest  rocks,  we  have  a  basal  mass 
composed  of  dioritic  rocks  which  can  be  correlated  with,  and  evidently 
is,  an  integral  part  of  tho  dioritic  base  exposed  in  Ijq)anto  and  in  other 
northern  provinces  of  Luzon.  Excepting  certain  local  variations  of 
composition  and  texture,  these  two  rocks  are  petrographieally  identical, 
and  the  stratigraphic  evidence  is  all  on  the  side  of  the  hypothesis  of 
a  dioritic  igneous  core,  of  at  least  this  one  (Luzon)  of  tho  Philippine 
Islands.  It  has  been  taken  for  granted  by  a  number  of  the  few  who 
have  heretofore  written  on  Philippine  geology  on  such  evidence  as  was 
available,  that  the  hidden  core  of  the  Philipjiine  group  would  eventually 
be  found  to  consist  of  crystalline  schists  upon  which  post-Tertiary  sedi- 
mentaries  have  been  laid  down  and  to  which  mass  the  neo-volcanics 
have  been  added,  but  so  far,  at  least  in  northern  Luzon,  the  areas  seen 
have  uniformly  exhibited  a  massive  dioritic  base.  Becker '  has  care- 
fully summarized  all  the  occurrences  of  schists  and  older  rocks  of  the 

e  Islands,  U.  8.  O.  S.  2iat.  Ann.  Rep. 
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Archipelago  which  vniv.  known  at  the  time  his  ]ia])er  waa  written,  and 
while  he  points  out  that  there  may  be  a  more  or  less  close  connection 
hetween  the  I'liilipjjine  group  and  Hornco  on  lithologic  grounils,  Jie 
admits  that  there  is  no  inconsistency  in  Ahclla's  view  ^  that  the  dioritic 
nK;ks  represent  the  oldest  of  the  Phil  ii)j}ine  aeries,  if  those  schists  of 
similar  composition  arc  included  under  the  head  of  "dioritic  rocks."  It 
is  a  pleasure  to  reconl  in  the  results  of  work  oven  so  little  detaileil  as 
that  given  in  the  present  paper,  data  which  coincide  with  the  deditctions 
of  Mr.  Becker,  who  had  only  vicarious  oliwer  vat  ions  of  varying  reliability 
to  serve  as  criteria  and  also  with  the  observations  of  Abella,  who, 
although  limited  in  his  scope  of  work,  has  proved,  for  the  most  part, 
to  lje  the  most  trustworthy  of  the  workers  in  this  field. 

'I'liorc  scem.'^  then  t  U  „  1  ^r  uil  t  i  1  !  i  ^  tl  it  tl  lit 
I  have  ohwi'rvcd  in  tlic  Bdf,uio  di&tnct  rcprujcnts  tin,  starting  pomt  of 
our  I'hilippine  g(.'olof,y  at  least  f  >r  noitlitm  Luzon  I  have  dt-scribtd 
it  in  a  former  paper'  liscu  smg  its  appearance  m  Ijipanto  it  occurs 
over  a  large  area  of  the  present  Bcn^act  fiild  \arifu«  jbser  ers  have 
noted  it  over  a  sufficientlv  laff,!  portion  of  Luzon  and  Vbtlla  in 
particular  has  verified  his  field  notes  with  the  microscope  in  order  to 
justify  the  above  hypothesis 

Tn  the  Baguio  district  the  exposures  of  the  ba'^al  dioritc  as  woull 
naturally  be  supposed  an.  t,(nerallv  most  piomment  at  the  low  r  cleva 
tions,  although  on  the  weattm  borler  of  the  area  the  most  proti  mtnt 
exposure  is  the  highest  point  m  the  distnct  namely  the  ercit  of  M  nmt 
Santo  Ton laa.  Here  the  rock  la  light  green  m  color  fintly  pTimtl  hole 
crystalline  to  the  eye  hard  and  compact  with  apparently  httlc  weather 
ing.  Plagioclase  and  araphibolc  may  be  <listinguished  with  a  lens 
together  with  some  chlorite  anl  occasional  quartz  and  magnetite  crystals 
The  valley  of  the  Antamck  liner  shows  the  best  cxposurts  ot  this  diorite 
and  it  is  here  most  typical  of  the  large  area 

The  roclc  megascr  pitallv  is  dark  gretn  hobcrvstall  nc  niasbivt  it  is 
very  hard  and  apparently  more  ri'-istant  to  erosion  than  any  othtr  rock 
in  the  district.  (Jnh  plagioclaM,  amphibok  and  a  daik  i^Tu.n  chlontic 
mineral  can  he  distinf{uishe<l  with  tlic  eye  Localh  over  a  mall  arLO 
the  amphihole  is  developed  to  a  ^eiter  e\t*nt  At  n  f  th  t  inn  i 
of  the  Bua  Mining  Company    tlic  miin  ero-*    ut  ti  the     u  un  r    f 

'Abella:   Apuntea  fisieos  y  geoliigicos  (1884),  30. 

'  EvelanJ :  Preliminary  EecotiiiniBaanee  ot  the  Mancajan-Siiyoo  Miiicial  Rugion, 
Ball.  Hill.  Bur.,  Manila  (1905),  4. 


Hosted  by  Google 


RAGt'Id    MINKUAI^    UlSTItlCT.  223   ' 

tlio  por])hjritic  iiatnro  of  the  rock,  wbicli  lias  iiiiiplii boles  soiiiotiiiii'S 
measuring  15  iiiilliini'ters  in  length,  is  verv  eviilent.  In  connection  with 
the  development  of  the  a  in  phi  boles,  the  almost  universal  qnartzosc 
nature  of  the  rock  is  less  evident  or  entirely  wantinfj — no  quartz  ean 
be  seen  with  the  eye  or  with  a  hand  lens.  Under  tlic  mieroacope  the 
nonnal  phase  of  tlic  basal  diorite  jireseiits  a  granitic  or  a  pan-idio- 
morphic  granular  structure.  In  almost  all  the  sections  examined  much 
saussiiritization  has  taken  place  and  the  resultant  minerals  are  variable 
in  different  localities.  The  stnicture  is  plainly  that  of  a  plutonie  rock 
and  there  is  evidence  of  slow  cooling,  the  first  crystallisation  takinff 
place  being  that  of  the  feldspars.  Certain  sections  show  porphyritie 
facies  and  the  mass  is  evidently  variable.  The  plagioelase  feldspars 
show  polysynthctic  twinning,  and  in  these  sections  they  are  probably 
near  the  lime  end  of  the  series,  calcite  being  prononneed.  Possible 
intergrowths  of  feldspars  arc  noticed.  Measurement  of  cxtinctifm  an- 
gles on  different  sections  in  some  cases  gives  labradoritc  {observed  on 
Carlsbad  twins) ;  other  sections  at  right  anglra  to  the  alhite  twiiming 
gave  31°  to  33°  aa  extinction  angles.  A  slide  oeea^sionally  shows  anor- 
thite,  and  a  sample  of  the  rock  from  the  valley  of  the  river  Sili  exhibits 
andesine. 

The  feldspars  are  much  decomposed,  and  calcite,  zeolites,  cpidote,  and 
chlorite  are  present  in  varying  amounts.  The  ferro-magncHium  min- 
erals generally  are  too  much  dwomjioa'd  to  show  more  than  oiitline  of 
faces,  biit  from  occasional  fresher  sections  they  are  ekarly  determined  to 
be  pyro.\cnes.  Actinolite  has  evidently  been  a  constituent  of  proininctnce, 
althougli  hornblende  more  nearly  represents  the  average  composition. 

Magnetite  is  present  in  large  amount,  over  10  per  cent  being  present  in 
some  stkitions,  and  it,  and  chlorite  developed  in  Hgiit-grecn  flakes  and 
strings  throughont  tlie  slides,  are  most  promment. 

Although  it  is  apparently  a  basal  mass  the  diorite  has  been  through 
other  processes  than  mere  crystallization  from  the  magma.  'I'he  micro- 
scopic aspect  of  samples  from  certain  loc'alities  seems  to  point  to  a  granu- 
lation and  recrystallization  of  the  original  rock,  and  in  view  of  the  ne<»- 
volcanics  which  are  so  prominent  over  the  area,  some  mctamorphism  is 
to  be  expected.  There  is  enough  evidence  in  the  numerous  slides  exam- 
ined to  make  it  certain  that,  although  basal  m  jiosition,  the  diorite  is 
not,  strictly  speaking,  ri'presentative  of  a  deei>-seated  igneous  mass.  It 
ehows  variation  of  structure  and  composition  identical  with  those  exliib- 
itcd  by  an  extrusive  and  although  subsequent  alteration  may  be,  and 
probably  is,  responsible  for  many  of  these  variations,  it  seems  to  be  a 
more  justifiable  hypothesis  that  the  diorite,  although  now  it  is  strati- 
graphically  the  basal  mass  of  LuKon,  at  the  time  of  its  origin  was,  in 
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part  at  least,  extrusive  and  intrusive  in  relation  to  some  still  older  forma- 
tion of  which,  so  far,  no  trace  has  l)een  seen.  Five  analyses  of  samples 
of  the  diorite  from  various  localities  are  as  follows : 


Analyses  of 

the  Benguet  diorite.' 

•- 

II. 

III. 

IV. 

V. 

rirroU. 

Percent. 

Percml. 

Prrcent 

Peratnt. 

MoiBtun;  al  11(1°  (M— 1J0°) 

a.  46 

0.16 

Loss  on  Ignition  (M  +  lltP) 

il6 

3.51 

a 

M 

S.21 

Silica  (SiO,) 

49  SB 

51.08 

Alumina  fAijO.) 

1S7 

4.74 

rerricoxld«(FeaO) 

1  61 

3.57 

At 

624 

2.26 

Ferrona  oxide  (FeU) 

2.1,30 

S,46 

Calcium  ojiide  (CttO) 

10  75 

10 

13. 4K 

4.29 

Potnasinm  oxide  (h.^) 

09 

.2i 

or. 

IS 

So<lii.m  oxide  (NajO) 

"M 

a.  13 

70 

3.01 

1,03 

100  79 

90.90 

100 

^2 

100.63 

1W.27 

Number  I  represents  the  porphyritic  variety  from  tlie  "Middle  Keel'." 

Numbers  II,  III,  are  from  the  Antamok  Eiver. 

Number  IV  is  from  Gold  Creek. 

These  analyses  should  be  compared  with  the  following  ones,  made 
on  samplcB  from  the  Lepanto  area  on  specimens  of  the  "Mancayan 
diorite"  which  probably  were  fresher: 


Analyses  of  the 


diorite.^ 


Constituent. 

I- 

11. 

in. 

IV. 

Pa-cait. 

Per  cent. 

Fa- cent. 

Percent. 

Moisture  (—110°) 

Loa  on  ignition  |+110=) 

%'i 

1.33 

.70 

2.26 

SiO, 

A1,0,           _ 

21,96 

Fe^.  _ 

FeO 

1 

9.3: 

3.98 

3.42 

MgO              „ 

4  10 

6.53 

7.06 

N»sO    _              „      _ 

Total 

141 

4.42 

2.56 

1.49 

99  11 

100.51 

100.13 

99, 8S 

'Analyses  Numbers  I  11  HI  and  'V  nre  h>  Di  R.  F.  Baeon,  and  Number  IV 
is  by  Paul  J    Fox  of  the  Chcmital  Labciator^    Bureau  of  Science. 

'Analjses  of  Majicavan  rock  nre  bj  Mr  L  A  Salinger,  Chemical  Laboratory. 
Bureau  of  Science,  Manila  P  I     1905 
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\  L  Kiipan-'On  will  show  that  although  tht  <iilica  n.iiiaini>  fairly  con- 
st mt  111  imount  there  i->  \cry  littk  stjibilit\  in  tiit  porcentnges  of  the 
othir  conttitucntt-  cxciptiug  in  the  hoda  lliis  fact  is  not  ixtraordinary 
antl  mtleod,  it  might  \y?  expectcil  from  \ariBtions  m  tlR  iiiagma  in  a 
distance  of  50  niilet  and  from  the  subsi.qiM.nt  attirations  to  which  the 
rock  liaa  been  Hubjected 

The  oxpoHurt  of  the  dloritc  in  the  Aiitaniok  Unir  is  (.ontiimouh  fnmi 
Takdil  to  a  point  a  iiiik  bdow  \iitaiiiok  uluix  a  granitii  mtrii«ioii  (to 
be  dtscnkd  hitir)  i  ■)nics  iii  IIk  mIK;  of  (.ol  1  (  rwk  is  iiho  m  tlik 
rock,  from  its  junction  with  the  Batuaan  to  the  hoadwators  at  Pakdal. 

On  the  north  side  of  the  area  dloritc  again  cropK  oitt  where  the  drainage 
north  and  west  of  Bagnio  haw  cut  dwper  into  the  surface,  and  in  various 
])laces  in  tlie  Bucil  Kiver  caiion,  where  later  atiliiuentarieK  and  extrusives 
liave  been  cut  through,  good  cxjiosur'h  of  the  iliorite  are  laid  hare. 

Fi-om  l>clow  Cani]i  IV,  or  Kiaa,  on  tlie  ]ienguet  road,  the  dioritc 
does  not  oiitcro]),  later  cxtrusivefi  and  nedimentaries  taking  it»!  place  in 
the  river  bed,  and  it  is  evident  fnmi  the  oeeurrenee  of  a  niaxHive  intrusion 
of  more  granitic  cliaractcr  to  the  east  of  this,  that  from  thin  point  on, 
tlie  dioritic  exposui-e  lends  off  to  the  ea^it  toward  the  OorMl&iu  Centnd, 
or  in  other  words  that  on  the  topography  of  this  basal  mass,  this  eoutli- 
ernnioBt  point  represents  tlie  limit  of  exjiosiire  of  any  great  elevation. 
From  here  to  the  south,  the  diorite  is  evidently  considerably  lower  and 
as  may  reasonably  be  supposed,  ia  buried  in  the  plains  region  between 
Bcnguet  and  Manila  by  a  great  thickness  of  recent  sediiiicntaries. 


About  a  mile  to  tlic  si>uth  of  Antaniok,  on  the  river  of  the  same  name 
occurs  a  massive  exposure  of  a  rock  which  hero  is  classed  as  an  intrusive, 
but  which  may  possibly  Iw  hut  a  phase  of  the  diorite.  On  the  Antamok 
and  Batuaan  IJivers,  both  of  which  cut  across  the  contact  between  the 
diorite  and  the  intrusive,  the  contacts  are  obscured  by  heavy  talus  and 
wash,  and  the  relativO  ages  of  the  formations,  if  they  differ,  can  not  be 
determined.  The  float  on  the  Antamok  River  seems  to  show  at!  varia- 
tions in  appearance  from  the  one  rock  to  the  other.  The. rock  may  be 
classed  in  the  field  as  a  granite  or  quartz  diorite.  It  is  a  hard,  light- 
green  massive  rock  showing  to  the  eye  quartz,  feldspars,  and  a  dark-green 
hornblende  ( ?)  arranged  in  a  granular  holocrystalHnc  structure  with 
particles  of  a  light-green  secondary  mineral  scatterotl  throughout  the 
feldspars.  Under  the  microscope  the  minerals  exhibited  are  quartz, 
plagioclase,  amphibole  and  magnetite.  The  quartz  does  not  form  a 
conspicuous  constituent  and  it  occurs  as  an  interstitial  filling.  The  ex- 
tinction angles  measured  on  the  plagioclase  show  it  to  be  oligoclase  in 
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idiomnrphie  crystals  shewing  zonal  groHth  and  ton-iilprable  polj synthetic 
twinning  The  amphibok  is  normal  hrrnblende  ind  the  magnetite  seems 
to  ocLur  principally  ab  inclusions  m  the  former  or  adjattnt  to  it  In 
the  Bued  Ener  canm  where  the  same  ro(,k  occuts  a  marked  peculiarity 
IS  developed  which  aj  pears  to  te  the  piesence  of  inclu'iions  of  diorite 
caught  up  m  the  quartzose  magma  Thii  Kugelgtiuktur  (Ei  senbusch) 
when  examined  under  the  microbcojw  i6  ''een  to  be  <lue  to  difference  in 
texture  m  flneneos  of  grain  rither  than  in  ani  difference  of  mineral 
ogical  composition  and  is  hffore  the  sections  fho^  plagioda'fe  horn 
blende,  magnetite  and  quart/  wiUi  a  slight  development  of  accessory 
sphcnc  and  secondary  iron  oxide  No  explination  of  thi  other  than 
sanation  in  the  magma  can  be  offereil  The  area  covered  b^  this  phase 
of  the  quartz  diorite  is  considerable  to  ]uc!gL  from  the  length  of  the  ex 
posuro  in  the  Buetl  Eiver  canon,  and  over  all  the  area  examined,  these 
inclusions  prevail  Although  mapped  ab  a  separate  mass  the  weight 
of  evidence  tends  to  the  \iew  that  the  diorifce  assumes  a  more  quartzose 
variation  only  localh  and  that  the  Eatwain  Creek  area  is  a  pirt  of  the 
dionte  core 

MHn>  small  dikes  of  bahalt  cut  through  this  rock  but  they  are  un 
important  excepting  that  the  (iirections  of  the  dikes  seem  to  be  quite 
uniformly  along  ea«t  and  west  Imcs  In  common  with  th(  system  ot 
ore  deposits  in  the  dionte  the  majority  of  the  veins  striking  cast  and 
west,  or  approximately  in  that  direction  this  prevailing  direction  would 
point  to  a  line  or  ratlier  a  direetion  of  weakness  m  tlie  main  mass  of 
the  roek  fhr  e  m liases"  e>f  these  rocks  arc  is  follows 
Analyses  of  the  bainU. 


(onntitii  nt 

I 

11. 

in. 

Percent. 

JterwtK. 

PeTce«t. 

0  14 

LoesonigniOon  (M+llo=) 

I  61 

l.os 

o.'n 

SUica  (SiOj) 

S7.06 

Aluminn  <A]  u  ) 

20,  W 

Ferric  oxide  iFCfO,! 

FermvisoitMe  (FeOI 

Caleium  oxide  (CaO) 

7  111 

7.71 

7.  IS 

M^neslum  oxiao  (MgO) 

<0-5 

3.29 

8.27 

2-K7 

SoflluniOJtfle  (Nafl) 

8S8 

2.82 

2.  an 

Total 

100.  M        1€0.06 

100.16 

Numbers   I   and   II   are    from    Antamok   River,   Number   III, 
Batuaan  Creek  exposures. 

°  Analyses  by  I'aul  J.  Fo.\,  Buroiiu  of  Htience,  MaiiJlii. 


Hosted  by  Google 


BAGUIO    MINEILVL    DISTRICT. 


Tlie  oceiirrcneo  of  comparatively  recent  eruptive  rocks  over  a  large 
part  of  the  Bagnio  district  is  particularly  notcwortliy.     Nortli  of  tlic   , 
areas  of  quartz  diorite,  nil  tlio  elevations  are  cappcMl  with  extrusives  of 
various  types,  but  all  show  relations  which  jioint  to  one  petrograpliio 
province  for  the  series.     Andesitcs  an<l  allied  rocka  prevail. 

An  exjiosure  of  limited  extent  within  tlio  area  studied  on  the  ridge 
east  of  the  Antnniok  and  cast  of  the  river  is  of  a  light  gray-green  volcanic 
rock  which  can  not  he  elanfiificd  in  tJie  field,  more  closely  than  as  an 
augite-leucocphyre,  although  oven  this  porphyritic  development  is  rare 
and  the  rock  generally  is  almost  a  felsite.  Under  the  microscope,  sections 
exhibit  an  ortliophyrie  structure,  the  rock  being  composed  of  plagio- 
clase  (almost  invariably  fragmental)  augite,  and  magnetite. 

I>etermination  of  the  feldspar  is  ditticult,  but  measurements  on  one 
Carlsbad  twin  gave  angles  of  extinction  corresponding  to  oligoclase  and 
while  much  shattorwl,  tlie  crystals  are  truly  idiomorphic.  Pyroxene  is 
present  in  small  amount  throughout  the  slides,  with  sufficient  indication 
of  idiomorphlsm  to  justify  the  use  of  the  term,  ami  from  the  structure 
it  is  evident  that  crystallization  of  the  augite  has  taken  place  later  than 
that  of  the  feldspars.  The  rock  is  much  decomposed,  breaking  down 
into  epidote  and  magnetite;  chlorites  are  present  in  small  amount  closely 
associated  with  the  feldspars  and  augites.  All  sections  show  clearly 
that  the  roek  is  an  extrusive  (andesite),  but  that  during  crystalliza- 
tion or  subsequently,  great  strain  has  developed,  so  that  the  rock  is  almost 
fragmental. 

Two  analyses  ^  of  this  rock  are  given : 

Analyses  of  the  andtmte. 


C...,«.e... 

!■ 

II. 

Percent. 
2.«B 

Percent. 

54.10 
19.01 

8.90 
S.02 

S.DB 

Silifa  (SiO,) ...— 

Ferrous  ojiide  (FeO) 

»3.55 

100.12 

'Made  by  PauJ  J.  Fox,  Chemical  Laboratory,  Bureau  of  Science,  Manila,  1 
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Many  outcrops  of  andesitie  rocks  are  exposed  on  the  Baguio-Kias 
Eidge,  all  more  or  less  closely  related  in  that  they  evidently  represent 
one  period  of  volcanic  activity.  These  rocks  vary  from  typical  augite- 
andeeites  and  andesitc-porphyries  to  hornblende-porphyry,  and  certain 
other  exposures  can  only  strictly  be  classified  as  dacites.  'I'he  rocks  are 
so  closely  related  that  they  are  mapped  as  "andesitic  rocks"  to  show  their 
occurrence  as  subsequent  and  younger  formations. 

The  rock  in  general  is  porphyritic  in  structure,  tiie  light-colored 
feldapar-phenocrysts  showing  prominently  against  the  darker  ground- 
mass.  Occasion^  exposures  were  seen  which  show  a  more  granitic 
texture,  but  these  are  comparatively  rare.  Sections  from  one  of  tlie 
typical  exposures  on  the  Copper  King  Creek  at  the  mill  of  the  mine  of 
the  same  name,  show  a  rather  abnormal  cryptocrystalline  grounilmase 
with  abundant  phenocrysts  of  nonally  constructed  plagioelase,  of  horn- 
blende and  of  magnetite.  Investigation  of  extinction  angles  of  the 
feldspar  shows  it  to  be  labradorite,  with  occasional  twinning  according 
to  the  pericline  law.  Actinolite  is  the  representative  of  the  amphiboles, 
it  rarely  is  unaltered,  and  then  it  shows  pleochroism. 

Saussuritization  has  taken  place  to  a  considerable  extent  and  in  many 
instances  only  outlines  of  the  original  feldspar  are  left.  Magnetite  is 
abundant  in  minute  grains  and  is  closely  associated  with  the  actinolite. 

Specimens  showing  a  pronounced  porphyritic  structure  were  collected 
from  a  dike  in  the  Buod  River  a  half  mile  above  Kias,  the  plagioclase 
phenocrysts  measuring  as  much  as  0.5  inch  in  length,  set  in  a  dark 
groundmass.  Under  the  microscope  tho  feldspars  show  the  characteristic 
alteration  of  the  albJte  twins,  and  much  caleite  and  epidote  is  seen.  Oli- 
goclase  and  andesine  are  identified  in  the  fresher  crystals.  There  is 
a  second  genes  of  phenocrysts  of  a  smaller  size  developed  in  the  ground- 
mass,  and  these,  altliough  badly  corroded,  are  undoubtedly  remnants  of 
muscovite.  Magnetite  is  present  to  a  considerable  extent,  and  both 
hematite  and  limonite  scattered  through  the  groundmass  and  the  mus- 
covite phenocrysts  are  in  almost  all  sections. 

A  large  exposure  of  a  flne-grained  andesito  which  is  apparently  a 
transitional  rock,  is  found  at  a  greater  distance  up  the  Bued  River  from 
this  dyke  variety  of  the  andesitic  eruptives.  Its  groundmass  is  light  in 
color  and  the  amphiboles  make  up  the  majority  of  the  phenocrysts  which 
are  visible  to  the  eye.  This  variety  represents  one  extreme  of  the  an- 
desitic series  of  the  district,  and  that  next  described,  an  augite-andesite 
from  the  Bagnio  Plateau,  cropping  out  Just  soutii  of  the  civic  center  of 
Baguio,  the  other.  Megascopically  it  is  a  heavy,  dark  rock,  breaking 
with  a  conchoidal  fracture  with  a  metallic  ring.  Small  phenocrysts  are 
seen  in  the  groundmass.  which  can  not  be  identified.  It  weathers  on 
the  surfaee  to  a  brown  ulavev  soil  and  dei'om position  has  taken  place 
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along  a  series  of  tliree  directiona  of  cleavage  leaving  hard  and  compact 
roimdetl  boulders  in  the  eiibsoil. 

Under  the  microscope,  angite  is  tlie  most  prominent  constituent,  with 
twinning  parallel  to  the  macropinacoids.  Tlie  feldspars  are  plagioclase ; 
oligoclase,  andi-sin'e,  labradorite  and  anorthite  all  oceuring  in  at  least 
two  generations,  if  not  more.  The  groundmass  is  tyj)ically  aiidMitic  in 
structure.     Magnetite,  in  fine  grains,  iB  prominent  in  the  groundmass. 

All  of  the  younger  rocks  described  above  arc  of  andesitic  varieties  and 
in  fact,  with  the  exception  of  the  two  closely  n'lated  rocks,  the  basal 
diorite  and  quartz  diorite  no  otlier  igenous  rocks  have  been  seen  in  tliis 
area,  excepting  andesite  and  related  extrusives.  There  is  a  close  petro- 
graphic  and  geologic  resemblance  between  this  district  and  the  region 
around  Mount  Shasta  (California),  which  lias  been  described  by  Diller 
in  Monograph  15  of  the  United  States  Geological  Survey,  and  in  general, 
between  it  and  many  of  the  petrographic  provinces  represented  by  the 
Pacific  coast  cones  of  Mqunt  Hood,  Mount  llainier  and  others.  Spurr  * 
has  also  recently  called  attention  to  this  "Pacific  Zone"  of  andejiitic  rockw. 


Exposures  of  sedimentfiry  rocks,  although  more  prominent  in  the 
immediately  adjacent  areas,  occur  in  the  Bagnio  district,  and  from  tliese 
a  series  can  be  constructe<l  giving  some  fairly  accurate  idea  of  the  geologic 
history  of  this  region.  At  the  base  of  this  series,  resting  on  the  diorite 
rocks  iK'neaUi,  is  a  conglomerate  of  considerable  tliicknees,  made  up  of 
the  dioritie  materials  derived  from  the  basal  mass.  None  of  tlie  exposures 
show  a  sufficiently  large  section  to  allow  the  taking  of  accurate  measure- 
ments, but  the  conglomerate  certainly  must  be  considerably  over  100 
feet  in  thickness.  The  beds  consist  of  heavy  conglomerate  at  the  bottom, 
with  sandstones  and  clay  above.  No  fi>s«ils  have  been  found  in  the«e 
beds,  but  the  one-foot  lignite  scam  in  the  upper  measures  and  the  eon- 
fonnability  of  the  beds  with  the  Baguio  limestone  directly  above  them 
establishes  the  fact  at  least,  that  they  are  only  a  little  earlier  and  older 
than  the  fossiliferous  limestone.  The  material  has  little  uniformity  of 
size,  and  the  bowlders  vary  from  pebbles  to  rounded  masses  of  many 
tons'  weight.  No  outcrops  of  the  conglomerate  base  are  visible  in  the 
area,  only  the  upper  measures  being  laid  bare  in  the  upper  end  of  the 
Bued  River  gorge.  However,  below,  in  the  same  caiion,  for  a  distance 
of  a  few  miles,  the  whole  series  is  admirably  eiposed.  The  formation 
dips  to  the  south  on  the  southern  end  of  the  highlands  and  a  few  miles 
to  the  northwest  of  Baguio,  to  the  west,  the  beds  curve  around  the  dioritie 
islet  like  a  cape.     The  upper  beds  in  the  vicinity  of  Baguio  are  fairly 

"  Spurr,  J.  E, :   (Ji^logy  of  the  Tonopali  Mining  District,  Nevada,  (/.  S.  G.  B., 
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rich  in  fossil  remains,  but  they  arc  in  a  bad  condition  for  examination, 
and  the  best  that  can  be  said  is  to  confirm  the  statement  of  Abella,"  that 
present-day  marine  forms  oc«mr,^* 

Resting  on  the  conglomerate  base  is  a  heavy  limestone  bed,  in  places 
metamorphosed  to  marble  {Bued  River  hobw  tolgans  Camp  )  by  later 
andceitic  Lxtmsnes  Almost  evcrywhire  it  is  rich  in  fosbil  remains  It 
IS  a  ytlloB  white  limestom  harl  inl  (omjact  anl  except  ng  at  the 
outcrops  on  the  pnatest  clovat  m  f  iirly  resistant  to  erosion  11  e  lime- 
stone on  the  hills  to  the  wi'st  of  Bi^iuo  is  m  places  h-avily  sta  ned 
with  iron  o\ido  feivmg  it  a  deep  rose  color  Vt  tlie  bottom  of  the  Bued 
liivor  gorge  at  the  ^ig-iag  on  the  Bent,uct  road  iron  oxi  Ic  m  excessive 
amount  has  given  the  limestone  i  I  isiltic  appi  iranet  duo  to  its  black 
color  anl  extreme  hardness  A\hen  tie  rock  is  swn  m  thin  fcctions 
ealcito  in  large  and  hn  all  grains  with  oitasionil  ovihnc  of  recr^stal 
ligation  IS  shown  practically  to  form  its  cntii    miss 

1  ho  sections  show  specimens  of: 

Operculvna  complanata  Bast. 
Liihatiiamnium  raniosMssimum   Riios.a. 
Texhiiai-ia  megerinna  (?), 
Polystomella  sp 
OrMoides  sp 

At  least  one  fossil  whicli  may  provisiomlj^  be  pronounced  a  nummulitc 
has  been  observed,  the  "alar  prolongations  being  well  devctopo<l.  Mr. 
W  D  Smith  who  furnished  the  above  data,  has  examined  other  lime- 
stones m  a  region  farther  to  the  south  m  Luzon,  in  Cebu  and  in  Batan 
Island,  and  all  tiie  paleontologtc  il  eiidenco  indicates  the  presence  at  one 
time  of  continuous  beds  of  liniestont  which  can  with  fair  safety  be 
(.lasftod  as  Miocene,  extending  throughout  the  Philippine  Islands,  or  at 
least  throughout  such  parts  of  the  Archipelago  as  were  under  the  proper 
topographical  conditions  it  the  tunc  it  was  deposited.  A  further  study 
of  broader  areas  than  this  small  Baguio  district  is  expected  to  add  much 
to  the  stratigraphic  correlation  of  the=e  beds  An  analysis  "  of  the 
nhite  limestone  from  the  viiinit)  of  Baguiw  is  as  follows: 

'  Abella     TcTremotos  de  1802  {189'5)    33 

"Since  this  paper  was  written  these  fisoils  hue  Lecn  evaminp  1  moie  cartfuUy 
and  Kith  the  aid  of  Iitpriture  whith  ne  haie  since  Lbtainid  »e  ire  ible  to 
single  out  several  forms  the  same  aa  or  closely  related  to,  Javnn  and  Boinenn 
forma  whieh  are  certainly  Tertiarv  ind  one  Tvrbo  bomeenns,  whieh  atems  to  be 
confined  to  the  Eocene  These  fosiila  are  all  easts  and  poorlj  preserved  making 
e\ceedingly  unsatisfaetory  material  to  noik  with — \\    D   Smith 

"  Made  by  li  A   fealmger   (.Inn  ical  LjI  oraUr^    Uureiu  of  Science    1  lOlj 
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BAOnlO    MINEIL\r,   IMSTIllCT. 

Atmlysis  of  the  (imr»(riMC, 


Constituent, 
Moisture   (  —  110°) 
l.(iss  on  isiiitioii   (  +  111)') 
Silica  (SiO,) 
Aluitiinft  (Al/lj) 
F<?rrio  oxide  (IV.Oii) 
KprroiiB  oxidw  (KeO) 
Ciilciiim  oxiilc  (CaO) 
MtiKneBiiim  o\UIk  IMk<») 

NHliuiiioxiil..  ifitxXI) 


BxposiiTCH  of  what  nro  \ini1oiibtPilIy  pyrorlaBtio  roekw,  now  induratol 
to  a  solid  rock  muss,  wciir  in  tlie  iiiimwiiiito  vifinitv  of  Itii^iiio  on  tho 
roundwl  liills  near  tlie  town.  'I'ho  host  oxpnsnros  nt  thwio  nrc  on  tho 
Baguio-Trinidad  road,  near  Bagnio.  'J'lic  nifk  is  a  piii-plL'-browii  hard 
and  compact  heterogoneous  mass,  to  t'crtain  phnKos  of  which  tho  name 
"eruptive  conglomerate"  has  been  given  in  the  field.  The  name  expresises 
the  rock  tcxtnre,  which  varies  from  a  niwlimn-graincd  variety  to  one 
wliicli  is  extraordinarily  coarse.  The  nniterial  is  entirely  anciesitic,  and 
two  varieties  of  andesite  are  present,  diffej'ing  only  in  their  ground  masses, 
as  evidenced  chiefly  by  tlie  color  of  the  latter.  In  thin  sections,  the  looser 
texture  of  the  rock  is  striking,  being  merely  an  aggregate  of  minerals, 
al!  of  the  grains  being  more  or  lees  rounded.  The  minerals  present  arc 
the  light-colored,  monoclinic  pyroxenes,  hornblende,  aetinolite,  plagio- 
clase,  magnetite  and  in  areas,  olivine,  the  tuff  being  in  these  localities 
more  basaltic  than  andesitie.  The  pyroxene  is  the  most  prominent 
mineral,  making  up  fully  one-half  the  slides.  It  is  greenish-yellow  to 
almost  colorless  in  various  sections,  and  not  plcoehroie.  It  is  frag- 
mentary, very  irregular  generally  rounded  and  show!  piismatiL  ckavage 

The  feldspar  is  almost  m'^igniht.ant  in  amount  gtntralh  occurring  in 
small  grains  Mignetite  is  present  in  large  amount,  being  second  only 
to  the  pyroxene  m  abundance  The  epidote  which  occasionally  occurs 
is  idioraorphic  and  tan  readily  he  diitinguished  from  either  hornblende 
or  pyroxene  by  tiie  maiked  basal  parting.  A  mierobpherulitic  structure 
of  feldspar,  quartz  (?),  and  magnetite  is  noteworthy,  as  is  also  the 
intergTOwth  of  feldspar  and  hornblende. 

This  rock  in  addition  to  the  Baguio  outcrops,  is  very  prominently 
exposed  on  the  road  through  the  Pias  Valley  and  on  the  Copper  King 
road  near  Ijoacan.     Other  exposures  on  the  east  side  of  the  Antamok 
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River  show  that  the  formation  has  existed,  at  one  time,  over  a  greater 
area  from  which  it  has  been  eroded.  It  is  probable  that  field  work 
beyond  the  district  will  also  show  this  striking  rock. 


Although  the  present  paper  was  planned  as  a  contribution  to  economic 
geology  the  study  of  the  area  has  shown  that  the  present  stage  of  develop 
mont  of  the  ore  deposits  which  have  so  far  bein  found  doe^>  not  warrant 
an  o\tended  investigation  of  thtm  at  present  nor  would  it  under  such 
circumstances  be  of  more  than  descriptive  value  It  i""  thtrcfore  un 
neees'-ary  more  than  briefly  to  touch  on  the  occurrence  of  valuable  ores 
within  this  district 

The  natne  (Igorot)  has  for  a  lon^  time  m  a  semi  i-kii led  manner 
worked  such  g^ldheaim^  rotk  as  hi"!  come  to  his  attention  and  the 
presence  of  tin  old  working  n^turailv  led  to  their  exploitation  h)  the 
American  miners  most  of  whom  came  m  the  army  of  occupation  within 
'the  latt  dcLadc  Ihe  Baguio  distntt  up  to  the  present  time  has  been 
probpotttd  or  dt^eloped  m  three  more  or  less  distinct,  districts  the 
Kiaa  r^on  the  Copper  Iving  or  Bued  Rivei  region  and  the  4ntamok 
region  In  all  of  these  di&tricts  dtjiosits  occur  associated  with  tlie  igne 
ows  basil  dioritt  or  the  closeh  connected  \olcanics 

SUMMIRI  OP  THL  GEOLOt,T 

The  ^eolo^  of  this  region  shows  that  wt  have  a  hi  al  nns  ct  dioritic 
rocks  as  the  oldest  rock  which  is  laid  bare  and  this  mij  be  accepted  as 
the  beginning  ot  the  geological  histori  of  Lu7on  until  further  data  \re 
colleLtixl  from  wider  areas  During  the  gradual  and  prolonged  hubmer 
gence  of  this  base,  which  la  probabh  an  eroded  stump  m  the  form  of  an 
islet  the  basal  conglomerate  of  the  Bued  River  was  laid  down  and  on 
it  the  rest  of  the  series  of  sandstoni  and  cKjs  m  which  10  far  no  fossils 
have  been  f>und  The  limestone  of  the  Bued  Eiver  wait  built  upon 
thest.  m  perfect  conformity  and  all  paleontologic  anl  stritigraphic 
evidence  so  far  goes  to  show  that  this  building  occurred  duiiiig  the  Mio 
cenc  after  uplift  and  folding  erosion  and  bat«  leveling  commenced  Fol 
lowing  this  or  possibly  at  the  beginning  of  the  Miocene  that  neovolcanic 
period  began  which  also  produced  the  eruptive  conglomerate  and  tuffu 
at  a  later  time  During  this  period  the  ore  deposits  which  may  have 
existed  m  the  basal  rocks  ma^  have  been  modified  and  later  deposits 
formed 

To  judge  from  the  physiographic  evidence  there  have  been  minor 
changes  m  level  ina<ldition  to  normal  base  kvelmg  which  have  produced 
the  topographic  features  of  the  districts 


Hosted  by  Google 


Oversized 
Foldout 


Hosted  by 


Google 


ILLUSTRATIONS. 
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PETROGRAPHY  OF  SOME  ROCKS  FROW  BENGUET 
PROVINCE,  LUZON,  P.  1.' 


Ity  Wabken  ]).  Smith. 

I!  Dieision  of  Mines,  Bureau  uf  Scitmce,) 


CONTENl'i 


Intuoijuction. 

BeNGUET   ItOCKS. 
Quai'tz  ilioi'ittr. 

AiulcHit^. 
AndcHite  tuff. 
Andes  itc  imrphyry, 
Graywneke. 
Fornminifural  liiiipstont^. 

iLLUSTItATlONS. 

INTliOLIUCTHlN. 

Mr.  Evoland  in  his  paper  "Nokis  on  the  trcohigy  of  tin;  iiaguio 
Mineral  District" "  tins  described  the  field  relations  of  the  roclts,  the 
more  detailed  petrography  of  which  I  have  taken  for  the  subject  of  this 
paper. 

In  the  following  pages  I  propose  to  give  a  description  of  each  rock, 
which  I  wish  could  have  been  much  more  minute  and  exhaustive  but 
time  did  not  permit  of  more  extensive  work.  I  have  included  diagrams 
and  photomicrographs  and  in  addition  have  added  some  tables,  using 
the  quantitative  classification."  Many  of  our  Philippine  rocks  are  clas- 
sified with  difficulty  according  to  tliis  system,  owing  to  their  greatly 
decomposed  and  altered  condition,  and  it  ig  only  applicable  to  com- 
paratively fresh  rocks,  which  we  rarely  obtain  except  in  mines  and  road 
cuttings,  and  of  these  unfortunately  we  as  yet  have  few. 

'  Sviiiplempiitary  to  the  paper  by  A.  J.  Evelnnd  on  the  "Geology  and  Geography 
of  the  Bagnio  Mineral  District."     This  Journal,  Sec  "A,"  Gen.  Sd.  (1907),  4,  207. 

"Eveland,  A.  J.:  Notes  on  the  Geography  aaid  Geology  of  the  Baguio  Mineral 
Diatriet.     This  Journal,  Sec.  "A,"  Gen.  Sci.   (1007),  4,  207. 

3  Quantitative  ClasHiflcation  of  Igneous  Bocka;  Chicago  (1003). 
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236  SMITH. 

More  than  one  geologist '  who  has  made  studies  along  tlie  groat  Pacific 
arc  has  roniarkud  upon  the  striking  similarity  existing  in  the  goology 
along  all  its  point*  in  (Jalifomia,  Alaska,  Japan  and  the  Philippines. 

A  mcmher  of  the  United  States  Geological  Survey,  one  who  lias  had 
abundant  opportunity  to  study  the  geology  both  of  western  America  and 
portions  of  Asia,  writes  to  me  as  follows : 

Although  the  Pacific  lies  between  and  Mwms  to  scparati!  joii  froiti  tliu  timri! 
familiar  iihasies  of  tlie  Keo'igy  of  Nortli  Americii,  I  am  of  tiie  oiiiiiicm  tlint 
l^ologicnllj'  you  are  more  in  toiieli  witli  our  western  coast  than  the  tiiiiii  wlm 
in  studying  the  (jeoli^y  of  the  eastern  United  States.  The  ocean  basins  arc  the 
Monrces  of  the  ({reat  dynamic  efTects  which  characterize  the  continental  margins, 
and  there  is  more  likeness  between  the  opi)oning  shores  of  the  Pacific  than  there 
18  between  the  opj)osite  aides  of  the  continents.  I  have  been  interested  in  the 
course  of  iny  work  to  find  that  the  geology  of  California  is  the  geology  of  central 
Cliina,  and  that  there  is  a  close  likeness  even  in  the  character  and  date  of  mineral 
de|)OHits  between  our  Western  Cordillera  and  the  Kant  Indies.  These  similarities 
in  geologic  history,  in  orogeny,  in  vulcaniwm,  and  even  in  mineral iaation  are  too 
oIoBe  and  too  long  continued,  to  be  fortuitous.  We  sliall  reach  an  understanding 
best  by  regarding  the  ocean  as  the  center  and  the  continental  region  an  the  i)eri|)h- 
ery,  and  by  recognizing  tliat  the  major  phenomena  differ  when  we  cross  the 
periphery  from  the  sphere  of  activity  of  one  ocean  to  that  of  another. 

I  must  say,  after  attempting  to  make  use  of  the  quantitative  das- 
sification,  that  it  is  not  well  adapted  to  our  Thilippine  rotks.  I  believe 
that  in  their  almost  universal  condition  of  decomposition  here,  classifying 
them  after  this  manner  would  only  be  misleading.  It  does  not  seem 
justifiable,  at  least  in  many  cases,  to  employ  a  system  which  neglects  the 
actual  mineral  composition  and  uses  an  altogether  arbitrary  standard 
or  norm. 

The  papers  by  Mr.  Eveland  and  myself,  then,  only  serve  as  an  intro- 
duction to  this  region.  There  are  many  questions  which  we  have  thought 
over  and  upon  whicli  we  have  gathered  some  notes,  but  the  time  is  not 
ripe  for  the  close  study  which  they  demand  for  their  solution.  Some  of 
these  are: 

1.  Eelation  of  the  period  of  vulcanism  to  the  deposition  of  the  ores. 

2.  Relation  of  the  vulcanism  to  the  physiography. 

3.  Kelation  of  amount  of  ejccta  to  elevation  and  subsidence. 

4.  The  probability  of  past  glaciation  in  the  highlands  of  north  central 
Luzon. 

In  this  connection  I  may  state  tliat  there  arc  many  features,  such 
as  boulders  and  houlder-clay,  strongly  resembling  moraines;  ponded 
drainage;  peculiarly  rounded  and  veneered  hills;  valley  trains,  etc., 
which  have  not  received  full  treatment  in  the  foregoing  paper  of  this 
number  for  several  reasons,  the  chief  among  these  being  the  incom- 
pleteness of  the  evidence.     Markings  suggestive  of  glacial  striae  have  been 

*  Becker,  G.  F. ;  Geology  of  the  Philippine  Islands— Extract.  21sl.  An.  Rept. 
V.  8.  6.  8.   (1»02),  518. 
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reported  to  me  by  iiicii  wlio  are  in  tlieir  own  Jidils  t'onwidiTwl  good 
obsLTVLTS.  It  is  nuedlfps  to  say  tliat  before  siitli  a  startling  an  noun  cement 
as  glaciation  in  this  region  can  be  made  nuieli  more  work  in  tbe  tin.'a 
should  be  Ciirricd  on,  and  tliis  is  pmiM>seil  for  the  early  [wrt  of  1!K)8. 
Tlic  hearin}!  of  tlie  possible  diseovery  of  filaeiation  upon  prolilems  of 
tropical  animal  and  plant  distribution,  woultl  of  course  be  profound. 

1  have  nijule  uwe  of  the  new  method  of  IV.  Kugciie  Wriglit  in  the 
determination  of  fehlspars  and  have  found  it  highly  satisfaetory.  It 
will  bo  rccftllwl  that  this  nu-tliod  makes  use  of  a  series  of  starulivrdized 
oils  composwl  of  definite  proportions  of  eiNlar,  cinnamon  mid  clove  oil. 

I  wish  here  to  aeknowledge  some  assistance  R'lulered  by  my  colleague, 
Mr.  K.  fl.  Ferguson,  in  the  preparation  of  the  tables  in  this  paper. 

Uiblioijrnphy  of  Hcnijuct  pi-lTography. 

1878— /Im(s</m,  K  Io»  JinigiHiHti"  /a  UHor  (.(itliijtu  dii  lii»<l  1  ii/fui  U'liil'l' 
piiiin),  nut  UHWii  Anhanse  HIhi  il»  Piuiummffni  cUr  Idtiilnii  Flioiii 
\on  Liusfiu,  von  tVlit  Kairpr      Vnmia   (iirolds  h«lin 

18S1— O'&bUc,  A  IteitrilKc  aiir  retiotTHiiliif  ilir  ]'liili|>)iiiipii  ami  lUr  I'aliiu 
Inwln  in  Atues  Juftriurh  f   J/nwtBlosic  i-tc      HliIh^i    llaml  1    Stuttgart, 

IgijK — ibella  >  (_ Jisai  lejr",  J.nrn|iie  Terreniotos  rx]ii  iinuntiulcw  m  la  iila  (k 
Luzon  (luriinte  lo'^  meafS  de  ttc  Manila  tliofrS  H",  HO  |)|i  1  ilinnrani 
nnd  map 

181)3— AIk lift  and  otiurs  Ivstudio  diwcriptivo  de  «l„'UncM  nitinantiaki  mini  lak-s 
<U  lihiunas  etc      Manila,  Cliotrf,  8°    jip    J  TO 

LM  of  Benijitd  rocks  liegcribed  in  (Ais  paper. 
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BBNGUET  NO,   4.— QUARTZ  DIORITB. 

The  primary  minerals  presimt  are  plagioclaBe,  amphibole,  quartz,  niiifjnetite. 

Feldspars. — The  pkgioclases  correspond  to  oligoclasc,  as  all  the  ex- 
tinction angles  are  almost  without  an  exception  low,  8°  or  very  close 
to  that  figure ;  the  index  of  refraction  is  also  lower  than  that  of  quartz, 
showing  that  these  feldspars  could  not  be  either  labradorite  or  anorthite. 
They  occur  in  idiomorphie  crystals  showing  zonal  growth  in  many  cases 
and  much  polysynthetic  twinning  according  to  the  albite  law.  No  good 
Carlsbad  twins  could  be  made  out,  but  this  form  of  twinning  does  occur. 
The  average  diameter  of  the  feldspar  sections  varies  from  0.5  to  1.5,  and 
2  millimeters  is  the  extreme  observed. 

§MHrfa.— Occurs  as  an  interstitial  filling.  It  does  not  form  a  con- 
spicuous constituent  of  any  of  the  sections  from  this  rock. 

Amphibole. — Some  ragged  sections  parallel  to  prism  and  fragments 
of  basal  sections  form  a  small  portion  of  the  section.  The  aiii]i!iiijole  is 
grass  green,  extinction  angle  about  17°. 

BENOUET  NO.  12. — QUARTZ  DIORITB. 

This  is  a  section  of  a  typical  quartz  diorite.  It  is  quite  f  rewh,  showing 
little  or  no  alteration.  The  texture  is  granitic,  the  holocrystalline, 
fabric  hypidiomorphic-gramdar.  The  minerals  of  the  rock  are  plagio- 
clase  and  orthoclase  feldspar,  hornblende  (actinolite)  quartz,  magnetite, 
and  accessory  apatite.  The  feldspars  for  the  m<rat  part  are  plagiocalse, 
exhibiting  both  Carlsbad  and  albite  twinning.  From  the  extinction 
angles  which  were  taken  on  a  section  cut  normal  to  the  albite  twinning 
I  made  out  this  piece  at  least  to  belong  somewhere  near  the  middle  of 
the  series,  oligoclase  or  labradorite.  Some  orthoclase  is  present,  as- 
sociated more  or  less  with  the  quartz.  It  is  decidedly  not  the  dominant 
feldspar.  The  amphibole  is  the  pleochroic,  grass-green  variety  known 
as  actinolite  with  plcochroism  as  follows:  &=colorle8s  to  yellow;  c=dark 
green.  Quartz  occurs  wholly  as  interstitial  material.  Magnetite  is 
found  as  minute,  rounded  grains  inclosed  by  hornblende. 

A  series  of  measurements  on  this  slide  establish  the  following  ap- 
proximate proportions  of  the  various  minerals,  from  which  was  calculated 
the  following  analysis. 

Qiiarta  2.1)4 

Plagioolaae  67.01) 

Hornblende  22.03 

Magnetite  C.28 

Olivine  .73 

Magnetite  is  largely  confined  to  the  region  of  the  aniphibolcs,  either 
as  inclusions  or  in  juxtaposition. 

Accessory  minerals  an  almost  entirely  lacking  or  so  inconspicuous  as 
to  warrant  no  lengthy  search  for  them. 
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I'Ute  II,  fig.  1,  itt  a  pliotoiiiierogrnpli,  taken  wUli  iiolarizeil  iiglit,  o(  tliis  rock. 
Kemarks. — A  Rreiiter  number  of  iiieaMureiiient»  wimlii  donbtless  raise  the  silioi 
content  by  sliowing  more  quartz.  In  tliia  calculatiun  tlie  ortlioclaae  was  token 
with  the  plagioelflse,  Tliis,  in  clone  work,  strictly  slioiild  not  !«  done.  Making 
allowance  for  orthoclaBe  we  should  liavo  a  lower  Na,0  figure  and  about  3  per 
cent  of  K.O. 

Examination  of  additional  sections  of  this  roek  revealed  some  small  amount 
of  biotite. 

Table  I. — Beiii/uet  No.  tg. 
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Subrang  3.  Shoahonose. 


Hosted  by  Google 


This  slide  iw  from  a  dlorite.  alwo,  but  iiiil'  which  is  not  no  fresh.  It  con- 
tains triclinic  feklspars,  most  prol)ably  lal>ra(lorite,  as  tht!  following  figures 
were  obtainod  from  Carlsbad  twins,  20°  to  26°  and  11°  to  13".  One  very 
noticeable  feature  of  this  slide  is  the  great  number  of  small,  rounded 
grains  of  quartz  and  feldspar  in  the  interstices  of  the  plagioclases.  The 
slides  give  the  appearance  of  the  rock  having  suffered  a  granidation  and 
recrystallization  in  some  portions.  ITiis  hypothesis  is  apparently  sup- 
ported by  the  appearance  of  some  of  the  feldspars.  One  in  particular 
is  something  like  Plato  I,  flg.  3.  The  characteristic  alteration  in  zones 
in  the  plagioclase  is  shown  in  Plate  I,  fig.  2.  In  one  of  the  Carlsbad 
twins  a  structure  very  similar  to  what  is  known  as  micropcrthitic  is  to 
be  seen. 

The  amphibole  is  of  the  green,  pleochoroic  variety,  actinolite,  but 
much  altered. 

The  above  figures  on  the  Carlsbad  twins  are  supported  by  investigation 
of  other  slides  from  the  same  rock  where  sections  normal  to  the  albite 
twinning  gave  31°  to  33°  maximum  extinction,  proving  pretty  conclu- 
sively that  the  feldspar  is  labradorite.  The  structure  of  this  rock  may  be 
termed  hypidiomorphic  granular  to  cataclastic. 


BENQUET  NO.  : 


This  slide  is  largely  made  up  of  plagioclase  feldspars  whicli  show 
much  polysynthetie  twinning.  No  twinning  other  than  the  Albifc  was 
noted.  The  other  minerals  are  magnetite,  chlorite  and  calcite,  these 
latter  being  very  intimately  associated,  as  they  are  all  undoubtedly 
products  of  the  alteration  of  the  feldspars. 

As  far  as  the  feldspars  are  concerned,  the  structure  is  described  by 
Eosenbusch's  term  pan-idiomorphic,  and  pan-idiomorphic-granular  with 
reference  to  the  whole  rock.     The  feldspars  were  apparently  the  first  to  ■ 
crystallize  from  the  magma.     In  some  sections  the  structure  is  almost 
that  of  a  porphyry. 

No  good  sections  suitable  for  measuring  extinction  angles  of  the 
plagioclase  were  found,  although  from  the  presence  of  the  calcite  one 
would  infer  that  they  belonged  to  the  lime  end  of  the  series.  Some  of 
these  feldspars  show  a  structure  closely  resembUng  what  is  termed 
microperthitic,  and  which  is  usually  produced  by  an  intergrowth  of  two 
or  more  kinds  of  feldspar. 

The  chlorite  is  the  light  green  mineral  with  low  index  of  refraction, 
it  is  scattered  in  flakes  and  stringers  all  through  the  slide.  However,  it 
has  not  been  seen  anywhere  in  the  slide  to  possess  a  radial  structure, 
usually  so  prominent  in  the  case  of  this  mineral. 

In  several  patches  in  the  slide  the  three  minerals,  magnetite,  chlorite 
and  calcite  are  grouped  indiscriminately  togetlier  as  if  resulting  from 
the  alteration  of  some  former  ferromagnesian  mineral,  rich  in  calcium. 
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such  as  diopsidt!  or  actinolite.  One  or  two  very  larfp!  patches  of  calcitu 
make  it  appear  quite  probable  that  some  ealeiiiin  has  been  introduced 
from  tile  outsi<ie. 

Magnetite  etinHtitutes  fully  10  per  cent  of  wiuie  of  tlie  slides  of  tliiw 
rock.     There  is  also  a  small  amount  of  pyrites. 

Table  U.—Saignet  No.  IS. 
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Subrang  4.  ( Doferroua. ) 

BBNGUBT  NO.    160. 

Macroscopic. — Is  an  aphanitic,  medium-grained,  hyp-autoniorphic 
granular  rock  of  a  speckled  white  and  green  color.  This  rock  is  riot  very 
unlike  a  coarse-grained  sandstone.  Feldspar  is  practically  the  only 
mineral  distinguishable  with  the  naked  eye. 

Microscopic. — This  is  unmistakably  a  fragmental  rock,  but  it  is  not  so 
easy  to  say  positively  whether  it  is  a  normal  sedimentary  derived  from 
land  wear  or  of  pyroclastic  origin.  Under  the  microscope  one  sees  a 
confused  mass  of  minerals,  some  rounded  and  some  angular,  consisting  of 
quartz,  orthoelase,  plagioelase,  magnetite,  chlorite,  and  numerous  saus- 
suritization  products  such  aa  quartz,  epidote  and  possibly  ealeite.     Under 
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a  high  power  the  closely  knit  appearance  of  the  maee  almost  leads  to  the 
helief  that  this  is  a  true  igneous  rock,  but  with  lower  power,  when  a 
proper  view  of  the  whole  can  be  obtained,  its  true  texture  is  plain  and  it 
is  evident  that  the  pseudo-igneous  t«jxture  is  due  to  the  matrix  of  chlorite 
and  iron  compounds  which  cement  the  larger  grains. 

Bemarka. — I  would  call  tbis  rock  a  graywaeke  for  the  following  reasons: 

1,  Its  compoaition, 

2.  Its  fabric,  the  rock  consisting  of  an  a^regate  of  more  or  leas  independent, 
rounded  and  angular  riinerals,  not  rock  fragments  as  in  the  true  tuffe  (see  num- 
bers 101  and  103). 

DBNQUET  NO.  153.— QUARTZ  DIORITB, 

Macroscopic. — This  is  a  phanero-crystalline,  medium-grained  {with 
iiner  grained  inclusions)  xenomorphie  rock  of  a  pepper  and  salt  color. 
The  rock  consists  largely  of  more  or  less  irregular  and  ill-defined  feldspar 
and  forromagnesian  minerals,  the  darker  minerals  possessing  more  nearly 
idiomorphism.  In  the  white,  dull  feldspar  patches  there  are  minute 
pinkish  areas  of  orthoclaae.  The  predominent  feature  about  this  rock 
is  the  magmatic  differentiation.  The  cryptoerystalline  areas,  usually 
1  to  3  cubic  centimeters  across,  are  in  every  case  darker  than  the 
remainder  of  the  rock  and  the  border  between  the  two  areas  is  generally 
sharp. 

Microscopic. — In  the  hand  specimen  this  is  not  greatly  unlike  the 
Kobe  (Japan)  granite.  For  the  most  part  it  is  coarse  grained  and 
possesses  the  typical  granitic  texture.  In  both  rocks  tlie  characteristic 
feature  is  the  areas  of  darker,  more  fine-grained  portions,  which  almost 
have  the  appearance  of  foreign  material  caught  up  in  tlie  crystallizing 
magma.  This  is  the  "Kugel  Structur"  of  Kosenbusch  and  described  by 
him  from  the  Corsican  "Kugeldioritai  von  S.  Lucia  di  Tallano  bei 
Sartene."     (See  p.  130,  Eosenbuseh,  Massige  Gesteine.) 

Two  very  distinct  areas  are  seen  under  the  microscope,  which,  however, ' 
differ  more  in  texture  and  abundance  of  certain  minerals  than  in  the 
mineral  composition  itself.  The  same  minerals  appear  in  both  areas, 
but  in  different  proportions.     The  minerals  found  are : 


Primary. 


I  tobtr.:   )  A»— "J'  Spl,„e. 

I  Magnetite.      ] 

I  Quarts.  I  Secondary:  Iron  oside. 


This  makes  the  rock  a  qvartz  diorite.  The  quartz  is  not  secondary,  as 
is  shown  by  its  relations  to  the  other  minerals,  at  least  it  is  not  the  case 
with  all  of  it. 

Plagioclase. — This  is  the  most  abundant  constituent  of  the  slide,  found 
in  large,  idiomorphic  sections,  showing  both  albite  and  Carlsbad  twin- 
ning. Extinction  angles  on  section  showing  albite  twinning  gave  the 
figures  S0°  to  32°  which  would  throw  these  plagioclaees  in  with  andesine. 
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Hornblende. — For  the  most  part  in  broken  prism  sctetions,  pleochroic 
c^ilark  green  o  =  \ollowifih  in  thinntr  section  it  would  ht  neari\ 
colorless  it  forms  the  ntvt  most  abundant  constituent  of  the  slide,  most 
prominent  m  the  "Kugel'  areai,  where  it  is  as  abundant  or  even  more 
so,  than  the  feldspars  However  it  occurs  m  these  areas  in  verj  small 
imgnlar  grains  much  smaller  than  in  the  more  coarse-grained  portions 
Where  good  contacts  can  be  studied  it  appears  that  the  hoinbUnile 
crystalizecl  first 

Qimitz — Probabh  makes  np  3  to  I  per  cent  of  tin  slide  as  interhtitial 
material 

Magnetite — Prewnt  but  not  \er\  abundant  Lxrgelv  confined  to  the 
l)0(ly  of  the  hornblende 

Hphene — Occasional,  stray  en&tals  of  small  si/e 

Iron  o'xide  stains  the  glide  here  and  there 

I'latc  II  fig  3,  IS  a  photomicrograph  with  polari/ed  light,  of  this  rock 

Remarks  — rrom  all  tlip  indications  thnt  can  bo  gicnned  from  the  slule  tlic 
dnrkei  Kugel  areas  simply  leprescnt  n  differentiation  «i  the  originnl  magtiia 
Tins  part  it  is  my  idea  was  a  little  richer  in  tlie  conatitiients  tliat  make  up  tlie 
fciromagnesium  minerals  certain  conditions  must  have  prevailed  more  favorable 
for  the  production  of  hornblende  than  pyroxene  these  were  conditions  of  pressure 
temperature  and  the  composition  »f  the  magiua  the  intimate  relations  of  which 
lie  just  besfinninfT  to  lie  understood  The  results  seem  to  be  mori  in  the  nature 
nf  a  eoneietion  and  the  law  of  mass  action  appears  to  have  entered  largely  into 
the  process 

An  examination  of  the  boundary  betneen  the  darker  finegrained  aieas  and 
the  rest  of  th(  rock  does  not  reieal  a  ^barp  line  althongli  on  macroscopic  exam 
ination  it  does  apjiear  so  Under  high  power  the  boundary  is  irregular  and  chrjs 
tals  from  both  areas  penetrate  each  portion  Quartz  seem«  to  1m.  more  abundant 
ilong  the  contact  than  anywhere  else  m  the  slide  Tust  at  that  point  the 
rock  solution  may  haie  been  depleted  of  alumina,  etc  tliroiigli  the  torn 
excessive  nniounta  of  hornblende  in  the     concretionary     part 


Macroicopir — A  h^pocrvstallme,  rather  aphanitic  rock,  which  has  a 
somewhat  porphyntic  fabric  and  is  grceuish-jcllow  The  rock  has  a 
dense,  bluish,  fine-grained  ground  mass  in  which  are  numerous  phcnocr)  stH 
of  epidote,  themselves  not  large,  rounded  areas  which  appear  to  be 
decomposed  feldspars  and  occasional,  clear,  limpul,  more  or  let-s  roundeil 
or  irregular,  areas  of  quartz  There  are  verj  few  ferromagnesian  min- 
erals visible  in  the  hand  specimen   and  they  are  mere  black  specks 

Microscopic- — The  prominent  features  of  the  slide  are: 

1.  The  saussuritized  feldspar   (plagioclase)  phenocrysts, 

2.  The  comparatively  clear,  rounded  phenocrysts  of  quartz. 

3.  The  ground  mass  in  places  quite  trachytic,  in  others  glassy,  the 
whole  having  a  felty  or  hyalopilitic  character. 
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The  existence  of  the  fLrromagnesian  minerals,  pyroxenes  or  amphi 
boles  can  only  be  inferreii  as  alteration  has  left  no  ret>gni?ihle  remnants 

Remarks — The  alteration  of  the  plagioclase  has  gone  bo  far  that  scarcely  a 
trace  of  the  polysynthetic  twinning  can  be  made  out  however  the  outline  of  the 
original  mineral  is  Btill  preseried  Thp  interior  of  theie  phenoeryits  11  usually 
taken  up  with  quartz  and  epidote    sone  of  whieli  is  the  lou    doublv  refi acting 

Pyiite  IS  abundant  in  some  of  the  slides   magnetite  in  all     f  t)     n 
BENQUBT  NO    106— HYPERSTHENE  AUOITG  ANDESITB 

Mao osi. )pii. — An  almost  hlatk  ajilnnitic  for  tl  f  mrst  part  micio- 
cryptocr\ stall ine  rock  but  plainly  pi-rphvritic  The  larger  phenofr>stfi 
not  over  2  millimeter''  m  diameter  aie  jet  hlaik  amphiboks  01  pjro\enes 
while  there  are  smaller  lath  shaped  feldspars  whicl  are  apt  to  le  o\er 
looked  unless  the  light  strikes  them  These  are  about  2  5  millimeters  m 
length  by  0  5  millimeter  wide  and  are  striated  Occasional  larger, 
glassy  spots  of  what  is  probably  quartz  are  also  to  be  seen. 

Microscopic. — This  rock  in  thin  section  reveals  a  distinctly  porphyritie 
structure,  large,  square  and  briek-shaped  feldspars,  plagioclases,  and 
pyroxenes  occur,  also  idiomorphic  in  a  groundmass,  which  varies  from 
vitreous  to  cryptoery stall ine,  and  also  holocrystalline. 

There  are  a  number  of  large,  irregular,  also  sometimes  square  sections 
of  magnetite  in  the  slide,  as  well  as  innumerable  line  grains  of  it  in  the 


The  plagioclases  show  both  albite  twinning  and  zonal  structure.  Sec- 
tions normal  to  the  albite  laminae  give  extinction  angles  of  26°  to  S8°, 
thus  corresponding  to  andesine.  One  zonally  built  crystal  of  feldspar 
appeared  to  have  an  outer  coating  of  anorthite,  Carlsbad  twins  also  are 
not  infrequent  but  the  thickness  of  most  of  the  slides  of  this  rock  prevent 
close  investigation  of  their  extinction  angles.  Plate  I,  flg.  3,  shows 
typical  appearance  of  altered  feldspar  or  rather  of  one  which  is  about 
three-fourths  decomposed. 

The  pyroxene  is  largely  hypersthcne  and  exhibits  marked  pleoehroism, 
but  augite,  whiclT  reveals  none,  is  also  to  be  seen  in  the  slide.  Plate  T, 
fig.  4,  shows  the  habit  of  the  hypersthene  in  this  rock. 

Plate  III,  fig.  1,  is  a  photomicrograph  of  this  rock. 

Remarks. — In  one  place  augite  has  grown  around  the  hyperstliene,  having 
crystallized  later.  It  would  also  appear  that  tlie  plagioclase  had  crystallized 
after  the  hypliersthenel  From  evidence  in  the  slide  it  would  seem  as  if  the  felspar 
and  tlie  augite  cystallized  out  almost  slinultaneouslv  Plate  J  jig  5  shows  a 
basal  section  of  augite  twinned  parallel  to  the  maeropinac  1 1 

It  appears,  from  the  descrptions  by  Diller,  Iddings  an  i  BecVer  that  we  have 
here  a  liypersthene-augite  andesite  very  nearly  identical  ivith  the  recent  lavas  of 
Shasta  County,  California,  and  the  Comstoek  Lode  Neiadn  See  Bull  150 
U.  8.  O.  8.,  Diller;  alao  Oeology  of  the  Coiustoik  T  le  Berkei  al^o  W  n  20, 
V.  S.  6.  S.,  364.) 
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BENGUBT  NO.  107.— AUGITE  ANDBSITG. 


Mioroscopic. — This  rock  is  almost  an  exact  duplicate  of  No.  155. 
■  Phenocrysts  of  plagioelase  and  augite  lie  imbedded  in  a  typical  ground- 
masa  of  small,  lath-sliaped  feldspars  arranged  in  an  orthopliyrie  manner, 
making  a  typical  andesitie  groundmass.  Some  of  the  slides  are  tliick, 
so  tliat  this  structure  of  the  gi-oiindmass  can  not  be  seen,  but  one  slide 
shows  it  welJ. 

The  feldspars  show  extinction  angles  varying  from  10°  to  31°,  so  that 
the  phenocrysts  vary  from  oligoclasc  to  labradorite.  All  the  phenocrystw 
are  quite  fresh.  The  augite  occurs  in  idiomorpluc  sections,  both  basal 
and  prismatic.  One  prismatic  section  {Plate  I,  fig.  C)  shows  twinning 
and  cleavage.     The  twinning  plane  la  not  e\actl\  parallel  to  c 

Magnetite  is  ver\  abundant,  but  in  rather  small  grams  m  the  ground- 
mass.  In  one  slide  thert,  art  remnants  of  a  substance  indicating  the 
former  presence  ot  hornblende  but  Be  can  nut  be  hurc  that  the  slide 
contains  any  hornblende  or  amphibole 

BBNGUKT  NO    101  — ANDBSITIC  TUFF 

Macroscopic- — Ihis  is  a  hetero^nioui  mixture  of  particolored  frag- 
ments, which  art  angular  piLCts  of  laia  m  \arious  btates  of  crystalliza- 
tion. The  groundmass  ib  uniformly  fine  grained  and  dark  red  to  brown- 
ish-black in  color  Ihc  fragments  which  wt  find  we!]  cemented  hero 
were  evidently  blown  out  of  some  \olcanic  \i,nt  and  afterward  rendered 
compact  under  water  OccaBional  large  crystals  of  hornbltntte,  5  by  7 
millimeters,  can  be  seen  Ihe  rock  fragments  are  for  the  most  part  horn- 
blende andesito.  The  largest  fragment  in  the  hand  specimen  ia  33 
by  12  millimeters. 

Microscopic. — These  are  sections  from  what  we  may  term  an  "eruptive 
conglomerate,"  or  more  properly  speaking,  an  agglomerate  of  eruptives. 
All  the  material  appears  to  be  andesitie,  tliere  being  two  main  kinds. 
These  two  differ  chiefly  in  the  material  of  the  groundmass  and  this  is 
evidenced  mainly  by  the  color,  one  portion,  making  np  (be  larger  part 
of  the  slides,  being  dark  reddish  or  brownish. 

Green  hornblende,  actinolite,  and  the  light-colored  monoclinic 
pyroxenes  are  present  making  up  about  one-half  the  slide. 

The  feldspars  are  plagioelase,  but  more  than  this  we  can  not  tell  from 
the  slide,  as  alteration  and  thickness  obscure  the  albite  twinning. 

Epidote  as  an  original  constituent  is  seen  in  one  slide.  It  is  perfectly 
idiomorphic  and  appears  in  outline  as  shown  in  Plate  I,  fig.  7. 

The  marked  basal  parting  distinguishes  this  from  hornblende  or 
pyroxene.     There  is  scarcely  any  pleoehroism. 

Plate  TIT,  fig.  2,  is  a  photomicrograph  of  this  rock. 
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Rem/K'kii — One  of  the  noteworthj  features  of  this  roek  is  the  intifrgrowth  of 
feldspar  and  hornblende  (Plate  I,  fiff  9  )  The  feldspar  la  found  in  irregular 
grajOB  all  through  the  hornblende  with  a  sharp,  clean  cut  line  between  the  two 
minerali  Their  appearancp  is  deeidedli  no(  that  of  alteration  c)f  the  hornl.leniie, 
for  thej  are  in  a  very  freih  state 

Ma^etite,  aa  uaual    is  quite  abundant   though  in  amall  grsini 

BBNGUET  NO.  102,— ANDKSITE  TUFF. 

Macroscopic. — This  apparently  ia  a  pliase,  tliough  somewhat  different, 
of  Noe,  101  and  103.  The  rock  fragments  are  larger  anil  somewhat  more 
rounded.  The  different  portions  of  the  roek  vary  considerably  in  color- 
that  is,  they  are  almost  black,  the  color  changing  through  chocolate  to 
groenish-yellow — and  the  grain  varies  from  exceedingly  fine-grained  por- 
tions to  those  containing  phenocrysts  of  considerable  size. 

Microscopic— This  roek  ia  evidently  an  intermediate  phase  between 
Nos.  101  and  HI3.  The  mineral  composition  is  practically  the  same, 
plagioclase,  pyroxene,  hornblende  (?),  and  magnetite.  If  there  is  any 
quartz  present,  it  ia  in  very  minute  quantities.  However,  there  are  two 
very  noticeable  features  as  exhibited  in  one  slide.  One  of  these,  and 
perhaps  the  most  important,  is  the  pseudo-microspherulitic  structure. 
Plate  I,  fig.  8,  will  show  the  relationships. 

The  second  feature  is  the  fairly  abrupt  contact  between  the  darker  and 
lighter  portions  of  the  rock.  The  darker  differs  merely  in  the  possession 
of  more  iron  staining  its  groundmass.  Under'the  microscope  tliis  line 
appears  far  less  regular  than  in  the  hand  specimen,  and  the  two  portions 
of  the  roek  dovetail  along  this  boundary. 

BBNGUET   NO.    132. — ANDESITB    PORPHYRY. 

Macroscopic. — A  coarse-grained,  porphyritic  rock  consisting  of  large, 
approximately  square  phenoerysts  of  white,  dull  to  greasy  looking  feld- 
spars eet  in  a  cryptocr y stall ine  groundmass  of  a  bluish  black  color-  An 
average  phenocryst  measures  7  by  9  millimeters.  Minute  grains  of  a 
white  mica  are  found  as  inclusions  of  the  feldspar.  The  groundmass  is 
slightly  vesicular. 

Microscopic. — On  microscopic  examination  the  groundmass,  and  the 
phenoerysts  as  well,  are  aeen  to  be  cryptocrystalline.  Alteration  has 
gone  quite  far  and  this  is  the  reason  for  the  oily  appearance  of  the 
phenoerysts  which  are  of  two  kinds  and  sizes,  the  larger  were  originally 
plagioclase.  This  is  proved  by  occasional  albite  twinning  in  the  unaltered 
remnants.     They  are  nearly  quadratic  in  outline. 

The  smaller  phenoerysts  occur  with  lath-shaped  outlines,  sometimes 
in  rude,  pseudo-hexagonal  sections  but  more  often  tliey  are  rounded  and 
badly  corroded,  being  accompanied  by  a  dark-greeniah  reaction  rim, 
probably  consisting  in  part  of  ferrous  iron.  They  are  undoubtedly 
remnants  of  muscovite. 
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Some  small  amounts  of  magnetite,  more  hematite  and  linionite  can  bo 
seen  scattered  throughout  the  groundmass  and  the  muscovite  plienocryste. 
The  alteration  products  of  the  muscovite  could  not  be  made  nut  evon 
with  the  highest  power  (oc.  No.  3,  obj.  No.  9) ;  all  that  could  be  seen  was 
a  granular  mass  or  very  small,  irrog\itar,  doubly  refracting  bodies. 

Plate  IV,  fig.  1,  is  a  photomicrograpii  of  this  rock. 

Remarli  ~-Tlm  alteratKin  of  tlie  fddspars  is  the  pliaraetermtic  nail «iuritizat ion 
nith  calpitfi  and  epidote  certainlv  formed 

By  testing  a  fragment  of  the  leaa  altered  portion  of  the  fpldspar  with  a 
standardized  oil  I  fiund  the  unaltered  portions  to  ha\e  an  iinle\  Na  1  '■)4')  to 
Na  1  fiS4   eor  res  ponding  to  tliat  of  oligoelaEie  and  aiideaine 

BENGUBT   NO    126  — ANDBSITB   PORPHYRY 

Mnrrofropic — This  rotk  in  the  hand  upccunen  has  a  yellowish-gray 
color,  rather  hne  tc\tiirc,  jtt  apparently  it  h  granitic  Octasioiiallv  a 
patch  of  finer  grained  and  darker  material  is  present,  buggcsting  an 
orbicular  structure 

Microscopti  — In  tlun  section  the  moht  striking  feature  of  the  rock 
18  the  state  of  alteration  of  practitalU  all  the  minerals  The  ioldspars 
are  no  longer  clearlv  rci-ogni/able  They  arc  vtrj  much  altered,  but 
rctam  their  origmal  outlines  Their  arrangi'ment  in  places  is  almost 
ophitic,  m  othei's  trachytic  Kounded  and  irrtgular  graint  of  what 
was  original^  hornblende  and  magnetite  are  all  that  remain  of  the 
original  minerals 

Chlonto  m  large  patches  with  radial  structure  is  the  most  prominent 
secondary  mineral. 

Calcite  in  veinlets  and  also  as  an  alteration  product  of  the  feldspars 
is  quite  plentiful.  Largo  patches  of  radial  chlorite  with  blebs  of  ealcite 
scattered  through  tliem  are  quite  eharaeteristlc  of  the  slide. 

Some  secondary  epidote  is  found  closely  associated  with  the  feldspars. 

Remarks.^At  flrat  glance  one  might  be  inclined  to  call  this  rock  detrital,  but 
an  occasional  feldspar  with  idiomorphic  outlines  and  the  itnicture  of  the  rock 
would  preclude  tliis. 

From  examination  of  the  hand  specimen  and  the  alides  I  should  call  the  rock  a 
dike  roek — a  pliJise  of  andesite  porphyiy. 

BBNO0BT  NO.  23.— FELDSPAR  PORPHYRY. 

This  is  a  porphyritie  roek  in  which  zonally  built  plagioclasc  feldspars 
are  the  phenocrysts.  There  are  also  some  large  magnetite  crystal  sections, 
more  or  less  idiomorphic,  in  the  slide. 

The  groundmt^s  is  traehytic  and  made  up  of  small,  lath-shape*l  sec- 
tions, and  an  abundance  of  minute  magnetite  particles. 

Calcite  is  fairly  abundant,  being  associated  with  feldspars;  in  some 
cases  large  patches  of  calcite  can  be  seen  inclosing  a  few  small  grains 
of  feldspar;  then  again  the  calcite  occurs  as  irregular  stringers  through 
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the  feldspar.  Clearly  it  is  a  decomposition  product  of  the  feldspar. 
Chlorite  is  also  in  evidence  in  irregular  patches  between  the,  larger 
minerals.  It  is  almost  impossible  to  specify  the  particular  composition 
of  the  plagioclases,  as  no  good  priain  faces  nor  sections  cut  normal  to 
the  albite  twins  were  found.  However,  one  zonally  built  plagioelase  wag 
investigated  with  the  result  that  the  center  was  found  to  have  about  the 
composition  of  oligoclase,  with  albite  forming  the  outer  shell.  The 
only  name  I  feol  warranted  in  assigning  to  this  rock  is  that  of  feldspar 
porphyry.  The  rock  is  far  from  being  fresh.  Plate  IV,  fig.  2,  is  a 
photomicrograph,  with  ordinary  light,  of  this  rock. 


Macroscopic. — This  rock  is  apparently  made  up  of  the  same  materials 
as  No.  101,  although  it  is  in  a  much  finer  state.  The  groundraass  is 
possibly  somewhat  more  prominent  and  hence  the  rock  ib  more  neaily 
of  its  color,  which  is  a  chocolate-red.  The  largest  fragments  m  this 
specimen  do  not  exceed  3  millimeters  in  length.  Th^e  is  no  efferves- 
cence with  aeids. 

Microscopic. — When  we  study  the  slides  of  this  rock  the  supposition 
that  this  is  simply  a  finer  state  of  No.  101  seems  to  be  home  out,  for 
few  rock  aggregates  are  seen  as  in  No.  101,  merely  a  loose  textured 
aggregate  of  minerals,  quite  fragmental  in  appearance  is  visible.  The 
grains  are,  all  more  or  less  rounded,  although  not  all  to  the  same  degree 
as  in  sandstone  or  quartzite. 

The  most  abundant  mineral  of  the  rock  is  pyroxene,  greenish-yellow 
in  some  sections,  almost  colorless  in  others,  yet  it  is  not  pleochroic.  It 
occurs  as  mere  fragments,  irregular  and  rounded,  usually  showing  pris- 
matic cleavage.  Olivine  also  in  rounded  grains,  colorless  and  possessing 
irregular  cleavage  cracks,  can  be  seen  in  several  places  in  the  elide. 

Magnetite  is  probably  the  most  abundant  mineral  after  pyroxene.  It 
is  sometimes  seen  inclosed  in  the  pyroxenes. ,  Feldspar  is  reduced  to  a 
minimum  in  these  slides,  usually  occurring  as  very  small  grains  and  in 
one  case  only  showing  any  distinct  twin  striations.  In  some  of  the 
slides  fragments  of  aetinolite  were  seen.  These  were  generally  pleochroic. 
The  presence  of  both  aetinolite  and  augite  is  assured,  as  one  portion  of 
a  basal  section  was  found.  These  minerals  are  frequently  seen  to  be 
surrounded  by  opaque  masses  of  hcmatitcand  limonite. 

iiemorfrs.— Thp  rock  is  clearly  pyrnelastic  and  owing  to  the  preaence  of  olivine 
would  more  properly  be  called  a  basaltic  tuff  rather  than  an  andeiitte  tuff,  as  in 
the  case  of  No.  101. 

The  large  amount  of  quartz  would  presuppose  an  acid  magma,  far  more  acid 
than  ahy  wliicli  has  ever  been  encountered  in  igneous  rocks  of  this  region.  If 
this  be  considered  a  graywacke  tlie  quartz  could  naturally  be  segregated  on  the 
beach  so  as  to  give  ita  present  vichness  in  silica.     The  slides  show  considerable 
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variation  in  the  size  of  tiie  grains,  but  this  lias  no  special  siRni float) ce,  save  tlie 
tact  that  the  material  was  (lerive<l  close  at  hand.' 

Plate  V,  fig.  2,  ia  a  pliotoinicrograph  of  a  similar  rock  but  not  from  this 
precise  spot. 

BBNGUET  NO.   108.— FORAMINIFEHAL  LIMESTONE. 

Macroscopic. — This  is  an  aphaiiittc,  ]>iiik-cnlorc'il  ro<'k  with  coiichoidnl 
to  hackly  fracture,  it  contains  a  few  vcinlcts  filled  with  rusty  calcitc 
The  rock  on  its  weathcrtKl  giirfaco  lias  a  dirty,  biuiKh-gray  appearance.  It 
effervesces  strongly  with  acids. 

Microscopic. — Under  the  microscopo  the  rock  is  seen  to  consist  chiefly 
of  large  and  small  grains  of  calcite  with  almost  every  conceivable  shape, 
stained  copiously  with  iron  oxide,  which  of  course  gives  it  its  red  color. 
The  rock  also  contains  the  remains  of  the  two  well  known  Miocene  fossils, 
Operndina  complanaia  Bast,  and  Litholhamnivm  raMonsi.isimum  Kuess. 

Plate  V,  fig.  1,  is  a  photomicrograph  of  this  rock. 

Remarka. — I  have  fouiiU  these  same  furma  in  limestones  from  CetiO  Island, 
Polillo  Island,  Ijepanto  Pro\ince,  Luzon,  and  other  localities. 

LIMESTONE  FROM  THE  BENGUBT  ROAD. 

Macroscopic. — In  the  hand  specimen  this  rock  is  quite  black,  in  por- 
tions very  fine-grained,  in  others  crystalline;  it  is  occasionally  streaked 
with  minute  ealcite  veins.  It  is  very  fossiiiferous,  but  as  the  rock  is 
very  hard  it  is  difficult  to  remove  the  fossils,  which  are  for  the  most  part 
large  bivalves. 

Microscopic. — The  dark  color  is  duo  to  an  excessive  amount  of  iron 
oxide  in  the  matrix.  Large  amounts  of  calcite  in  more  or  less  rounded 
grains  arc  to  be  seen  in  the  slide,  these  practically  make  up  the  entire 
rock.  Fragments  of  foraminifera  are  quite  abundant,  but,  owing  to 
their  state  of  preservation  we  can  make  little  more  than  a  guess  as  to 
their  identity.  Some  of  these  very  much  resemble  sections  of  Operculina 
and  there  is  another  section  which  suggests  a  nummulit*  as  it  possesses 
"alar  prolongations"  between  the  successive  whorls. 

Remarks. — This  limestone  in  its  lithology,  fosaila,  and  position  in  quite  different 
f  om  th  uppe  n  stone  on  e  B  gu  o  I  d(,e  It  ou  d  n  y  obal  y  o 
be  Eoce 

BENGUET  NO      24— FELDSPAR  PORPHYRY 

Macro  oj  — A  hypocryst  11  ne  fi  e  gra  nel  blu  si  gra  rwk  wl  cl 
1  aa  ■^e  norih  c  shape  ail  hyi  auto  orpl  e  arrange  ent  f  ts  rystals 
The  rick  s  rather  pro  ine  tly  speckl  1  w  th  sn  all  an  pi  boles  or  ]  yro 
xenes    1  ffi  ult  to  s  { arate   n  a  megascop  c  o  am  nat  on 

Micro  opic— Anotier  tally  d  co  posed  rock  cons  st  ^  f  j  1  eno 
erysti  of  sauss  r  t  zed  ]  lag  oclase  n  a  gro  n  Imass  of  small  latl  si  ape  1 
fel  Is]  irs    for  the  greater  part  plag  otlas  «    and    [    te  fresl       ig  et  t 

Wavv  ext  net  on  s  to  be  s  en  n  so  e  of  the  quar  z  and  fel  Ispa  H  Th  s 
n   an    s    a  n   iue  topsue      Aot      e       e     let)      of  see<  ndarj  e    a  gements 
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grains,  chlorite,  calcite,  etc.  Besides  tlie  phenoerysts  of  feldspar,  there 
are  fragments  of  hornblende  crystals,  but  in  most  cases  there  is  little 
left  of  these,  they  having  altered  to  both  chlorite  and  serpentine, 

Plate  I,  fig.  10,  shows  one  section  of  the  hornblende  in  this  slide. 
The  extinction  is  parallel  and  normal  to  the  cleavage.  However,  this  is 
a  monoclinic  amphibole  and  not  an  orthorhombic  one.  The  pseudo- 
orthorhombie  appearance  is  due  to  the  section  being  cut  from  some  plane 
norma)  to  the  plane  of  the  optic  axes  from  (100)  or  (001). 

A  very  peculiar  feature  of  these  slides  is  the  figure  represented  by  the 
diagram  Plate  I,  fig.  11. 

Remarks, — ^Wiiat  this  form  may  liave  been  origiimlly  is  certainly  open  to 
ennjccture. 

APPENDIX. 

Below  are  three  analyses  of  rocks  coming  from  this  province,  but 
unfortunately  the  hand  specimens  have  been  misplaced  no  that  no  de- 
scriptions can  be  made. 

Table  lU.—Bengud,  No.  17. 
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iTB  1.  Line  driiwiiifrfl,  11  fijriirpn. 

II.  rig.   1,  quiirtz  diciritu    (No,    12)  X  ifi,   pnlariKtil   li{,'lit;    lif,'-   2,   iluarU 

diorite   (No.  153)  X  15,  polttriKcd  light. 
III.  Fig.   1,   liyiKTstlieiio-HUditc  aiidi'siUf    (No.    10(1)    X    II,   uiiliiiiuy   light; 

fig.  3,  ftmlesitic  tuff   (No.  101)    X  !>,  onlinaiy  light. 
VI.  Fig.   1,  andesite  porphyry    (No.   1-12)    X    !);   (Ij;.   2,  fcldspw  [H)r|iliyi7 

(No.  23)   X  0. 
V.  Fig.  1,'foraminiferHl  linimhuii^   (Nu.   108]    X    1^>  iipprox.;  llg.  2,  gray- 
waeke  (No.  137)   X  10. 
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An  Elementary  Stndy  o£  Chemistry,  By  William  McPheraon,  Pli.  D.  and 
William  Edwards  Henderson,  Pli.  D.  Revised  edition.  Cloth.  Pp.  viii+43*. 
Price,  SI-25.     Boston:  Ginn  &  Company,  1906. 

This  little  text-book  for  beginning  students  in  uliemietry  is  the  revision 
of  a  manual  which  has  been  used  by  several  teachers  during  the  past 
three  years.  The  present  work  is  this  manual  rewritten  in  the  light  of 
the  criticisms  offered  by  successful  chemistry  teachers,  baeed  upon  their 
practical  experience  in  its  use.  A  very  clear,  accurate  and  practical 
text-book  has  been  the  result. 

The  book  is  throughly  up  to  date.  The  theory  of  electrolytic  disso- 
ciation is  used  throughout  the  book,  being  introduced  in  the  ninth  chapter. 
Solutions.  The  presentation  of  this  theory,  as  of  that  of  other  theories 
used  by  chemists,  is  remarkably  clear,  the  explanation  being  based  on 
experimental  facts  with  simple  compounds  with  which  the  student  is 
already  familiar. 

The  same  mav  be  stated  of  the  introduction  to  the  law  of  mass  action 
in  Chapter  \III 

In  discussing  the  methods  eniploiel  commercially  m  the  manufacture 
of  chemical  compounds  m  all  cases  the  most  modem  syatems  are  titcd. 
Thus  we  find  describe  1  the  methods  of  manufacture  of  phosphorus, 
carbon  bi=iulphide  aluminium  sodium  hydroxide  calcium  carbide  graph- 
ite bleachmg  solutions  the  alkal  metals  the  artificial  abrasives  etc , 
h\  the  application  ot  electricity 

The  definition  of  steel  as  the  prolucts  of  the  Bessemer  or  open  hearth 
processes  appeals  to  a  chemist  as  much  more  accurate  than  the  defini- 
titns  label  on  carbon  content  often  found  m  snail  books  It  might 
be  remarked  that  such  a  definition  w)ull  hardly  include  the  tool  steels 
manufactured  directly  from  the  ore  m  electric  furnaces  But  we  can  not 
expect  a  book  of  this  size  to  be  comprehensive  An  ther  miner  error 
noticed  wis  the  statement  on  page  309  that  all  the  hydrciarh  ns  of  the 
methane  series  up  to  C^jH  „  are  known  Fmball>  the  word  ncrmal  has 
been  omitted 

The  reviewer  considers  this  book  as  bv  far  the  Ic-t  elementary  text- 
hook  on  chemistry  which  he  has  seen. 

R.  D.  B. 
58011 4  266 
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A  First  Course  In  Fhysics.  By  Robert  Andrews  Millikan,  Pli.  D.,  and  Henry 
Gordon  Gale,  Ph.  D.  Clotli.  Pp,  ¥i[[+48S,  Price,  $1.25.  Boston:  Ginn 
&  Company,  1900. 

This  book  ie  written  as  if  it  were  the  intention  to  make  the  laboratory 
work,  which  is  given  only  in  footnote  references  to  a  manual,  teach  the 
t«xt  rather  than  for  the  text  to  teach  the  laboratory  work.  Unlike 
many  elementary  physics  the  subject  matter  is  presented  in  a  logical  and 
a  thoroughly  comprehensible  manner.  A  distinctive  feature  is  the  excel- 
lence of  the  portraits  anil  illustrations  which  are  "in  the  fullest  possible 
sense  educative." 

A.  J.  C. 
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OSTEOLOGICAL  AND  OTHER  NOTES  ON  SARCOPS 
CALVUS  OF  THE  PHILIPPINES. 


By  K.  W.  Shufeliw. 
(New  York  Git;/.) 


INTRODUCTION. 

About  two  years  ago,  Mr.  Richard  C.  MeGrugor,  of  the  Bureau  of 
Science  at  Manila,  roughed  out  two  skeletons,  both  of  adult  females  of 
Sarcops  calvus,  and  sent  them  to  me  for  description.  The  birds  were 
taken  in  Mindoro  in  May,  1905.  Shortly  after  receiving  this  materia!, 
I  carefully  prepared  it  for  description.  Dr.  Charles  W.  Richmond,  of 
the  United  States  National  Museum,  courteously  loaned  me  two  skins 
from  the  collection  of  the  Museum.  One  of  these  (No.  147229)  was 
from  Subic,  Zambales,  Luzon.  The  other  (No.  190202)  was  taken  at 
Pantar,  Mindanao.  '  These  two  specimens  showed  some  distinctions  in 
their  markings,  which  if  constajit  would  seem  to  indicate  that  they  were 
of  different  species.  The  gray  mantle  on  the  dorsum  of  the  one  from 
Luzon  covered  nearly  the  entire  back,  while  in  the  one  collected  in  Min- 
danao it  was  restricted  to  the  region  of  the  back  of  the  neck.  Believing 
that  only  one  form  of  this  bird  was  known  to  science,  I  communicated 
with  Dr.  Richmond  and  in  reply  received  the  following  statement  dated 
September  12,  1906: 

"In  a  recent  number  of  the  Bulletin  ot  the  British  OrnithologiHta'  Club,  Grant 
has  described  a  second  flpeeicB  of  Sarcopa,  and  I  think  the  Mindanao  bird  belongs 
to  it,  but  I  can  not  recollect  what  name  he  gave  it." 

60053  2fi7 
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Mr.  W.  de  C.  Bavenel,  of  the  United  States  National  Miiseutii,  wrote 
to  me  on  August  17,  1905,  as  follows: 

"Dr.  Richniond  atat«9  that  the  sexes  are  aliko  in  this  species  (Sarcops),  and 
the  Bpeeimena  transmitted  reprMent  two  phases  of  plumage  (at  one  time  thought 
to  represent  different  species)  regardless  of  sex," 

Dr.  Richmond  also  kindly  furnished  me  with  the  following  literature 
on  the  subject: 

In  reply  to  your  inquiry  of  the  10th  inatant  I  beg  to  saj  th\t  plates  of 
Sarcops  coZius  are  not  very  numerous  in  teohnical  ornithological  literature  but 
you  may  find  some  in  the  popular  natural  histories  There  is  a.  poor  colored 
plate  in  Daubenton  s  Planches  Enlumin^l  No  200  and  a  better  one  (but  lerj 
small)  in  Kitthtz  B  Kupfertafein  der  \  gel  PI  Xlll  fig  2  Brisson  Omith  jlogie 
II   PI   26   fig  2   IS  uncclored  and  porr 

The  nearest  relatives  of  Sarcops  are  Baiileornia  (frnm  Celebes  ind  Cenij  ) 
iloodfeliotcui  (frmn  Mount  Apo  Mindanao  diseoiered  in  1903}  and  the  Minos 
(Oracula  \el  Fulabe^  Mino)  Bosifeorjiis  and  Qoodfelloi  la  liave  graduated  tails 
like  "Sarcops   and  are  piobably  its  closest  relatiies 

These  relationships  of  course  ha\e  been  decided  entireU  iii)on  e\ 
temal  characters  a&  a  complete  acLOunt  of  the  morphology  of  t-nHop-, 
has  as  \et  never  been  gi\en 

McGregor,  in  one  of  his  published  paper**  Intt  this  '.pecies  as  Sairop^ 
iahus  (Lmn)  '  the  specimene  having  been  taken  at  Romblon  and  Sibu 
\an  and  he  =itatee  that  "a  bird  killed  June  Vi  had  a  hard  "htlled  egg  in 
the  oiidutt "' 

I  have  not  m  addition  to  the  note's  gnen  abo\e  espeuatlv  looked  into 
the  literature  of  Sarcops  nor  has  it  been  deemed  nevessaiv  to  do  eo  as 
the  present  article  has  to  do  iiioie  particular^  with  a  description  of  the 
skeleton  of  the  species,' 

Additional  material,  as  follows,  was  receivwl  from  Mr.  McGregor  just 
as  I  had  commenced  this  paper: 

!  calvus,  S  ad.  Toledo,  Cebu. 
s  melanonoUis,  6  ad,  Basilan. 
Oriolus  chinensis,  3  Basilan, 
Lamprocorax  panayensis,  t?  and  ?  ad.  Toledo,  Cebu. 

Mr,  McGregor  states : 

"I  can  hardly  hope  to  get  you  Ooodfellowia  as  this  species  is  found  in  Min- 
danao only.  The  bones  of  Corone  and  A criik>theres  can  l»  had  with  little  trouble 
and  I  will  try  to  send  them  before  long." 

'McGregor,  Richard  C.^  I.  Birds  from  the  Islands  of  RombJoii,  Sibuyan,  and 
Crests,  de  Gallo.  Publications  of  tke  Bureau  of  Gnvernment  iMbaratories,  Manila 
(May,  1905)   25,  16, 

'I  made  a  reduced  photograph  of  one  of  the  two  skeletons  in  my  possession,  the 
reproduction  of  which  is  presented  herewith.  By  cmnparing  the  proportions  of 
this  with  some  of  the  actual  measurements  given  in  this  paper  and  taken  from 
the  spedmen,  a  correct  idea  of  the  size  of  the  birds  may  he  gained. 
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I  thought  it  possible  that  Professor  J.  B.  Steere,  of  Ann  Arbor, 
Michigan,  the  well-known  authority  on  the  birds  of  the  Philippines,  might 
have  a  skeleton  of  Goodfellovm,  so  I  wrote  to  him  and  received  the  fol- 
lowing reply : 

I  remember  ^our  kindness  in  looking  oier  my  manuscript  of  the  Philippine 
BiriR  but  would  be  glnd  under  nny  cue  im'itnnwa  to  aid  you  in  your  study  rf 
Sarmps  if  I  were  able  lut  I  am  afraid  I  ean  be  of  little  or  m  use  I  never 
saw  Hart«rta  genua  Ooodfeltowia  1  had  nuppoaed  that  the  range  of  distnbu 
tion  of  Sarcops  pointed  to  its  origin  from  Bornean  or  CelebPs  ance'itors  though 
the  genua  la  wanting  in  Palawan  which  is  so  closely  related  to  modern  Borneo 
Though  Itarcops  is  not  a  bird  of  lonji  flights  it  is  so  well  distributed  over  the 
eastern  and  southern  Philippines  that  it  must  be  a  form  of  long  standing  there 
and  long  separation  from  its  ancestral  forms  I  had  always  auppoaed  with  no 
good  reas  in  perhaps  but  the  oidinar^  method  of  arranging  the  genera  near 
each  other  m  the  books  that  yamatus  or  Fulabta  was  more  eloseh  allied  to 
"iarcops  than  anything  else  in  the  Piiilippines  though  the  two  genera  do  not 
oierlap  in  distribution  at  all  I  belieie  fulabe'i  being  found  only  in  Palawan 
in  the  Philippines  and  Snrcops  being  found  e%erywhere  else  in  the  Philippines 
but  in  Palawan  The  habits  of  the  two  genera  are  somewhat  alike  as  I 
remember  them. 

'The  Filipinos  have  a  eiirjoua  story  to  account  for  the  bald  head  of  Sarcops. 
As  near  as  I  can  remember  it,  it  runs  aa  follows;  'Onee  Sarcops  and  the  bush 
cuckoo,  Gentrop«s,  made  a  bet  as  to  which  could  fly  highest.  As  they  rose  above 
the  bushes  the  sun  dazzled  the  eyes  of  the  cuckoo  and  be  dropped  down  again  into 
the  tall  grass,  saying  'Tig-tup'  (down  I  go),  while  the  Sarcops  kept  on  up  until 
he  struck  the  roof  of  heaven  and  knocked  the  hair  off  hia  head.'  The  Filipino 
language  has  but  one  wori!  for  hair  and  feathera,  and  the  buah  cuckoo  atill  calls, 
and  ia  called,  Tig-sup  (down  I  go) .     I  am  sorry  I  can  be  of  no  assistance  to  you." 

OSTEOLOGY  OF  SAHC0P8. 

Although  possessing  the  general  characters  of  tlie  skeleton  as  they  oc- 
cur in  the  Passeres,  we  have  no  passerine  bird  in  this  country  with  which 
Sarcops  could  with  advantage  osteologically  be  compared — that  is,  with 
the  expectation  of  showing  near  relationships.  Were  this  representative 
from  the  Philippines  to  be  thus  contrasted  with  an  American  species  the 
most  interesting  genera  for  the  purpose  would  be  such  forms  as  the  yellow- 
headed  blackbird  (Xanthocephal-us  xanthocepkalns) ,  with  its  allies  the  red- 
wings {Agelaius),  the  orioles  (Icterus),  and  the  gracklea  {Quiscalus, 
Megaquiscalus),  especially  the  first  mentioned.  Osteologically,  these 
birds  have  been  described  by  me  in  several  previous  memoirs  and  papers, 
and  these  will  he  referred  to  in  the  course  of  the  present  examination. 
More  remotely,  or  rather  superficially,  Sarcops  may  osteologically  be 
compared  with  various  species  of  the  several  genera  Pica,  Cyanociita, 
Aphelocoma,  Xantlioura,  Perisoreus,  Carvvji,  Nucifraga,  Cyanocephalus, 
Stumus,  Sturnella,  and  Euphagvs,  skeletons  of  all  of.  which  I  have  in 
my  private  collection. 
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A  casual  glance  at  the  skeleton  of  either  Sarcops  calvits  or  iS.  melano- 
notus  is  sufficient  at  once  to  satisfy  the  osteologist  that  it  possesses  all 
the  general  characters  of  a  typical  representative  of  the  passerine  group 
of  birds,  with  many  special  ones  that  bring  it  very  close  to  the  forms  in 
that  assemblage  more  or  less  nearly  related  to  the  corvine  type,  and  that 
it  bears  a  somewhat  sitailar  relationship  to  Corpus  or  Pica  as  do  the 
icterine  genera  mentioned  above.  These  characters  are  immediately  to 
be  recognized  in  the  skull,  the  bones  of  the  pectoral  arch,  the  sternum, 
and  the  pelvis — and,  when  this  is  the  case,  it  is  fair  to  presume  that  the 
vertebral  column,  the  ribs,  and  the  skeleton  of  the  limbs  fonn  no 
exception. 

The  skulls  in  Sarcops  calvus  and  iV.  melanonotus  practically  agree  in 
all  particulars,  and  to  such  a  degree  that  it  would  be  difficult  to  distin- 
guish one  from  the  other  even  in  a  long  series  of  specimens.  In  making 
such  comparisons  the  fact  must  be  borne  in  mind  that  there  may  be 
marked  differences  in  the  skulls  of  different  individuals  of  the  same 
species,  a  good  example  of  which  I  long  ago  pointed  out  in  the  case  of 
Xan  thocephalus.^ 

THE    SKULL. 

Viewing  the  skull  of  Sarcops  calvus  upon  its  superior  aspect,  it  presents 
one  \ery  characteristic  feature  Thit  tonsists  m  the  deep  median  fur 
row  extending  from  the  craniofacial  line  backwards  to  le  lost  on  the 
smooth  globular  lault  of  the  cranium  m  the  parietal  region  It  is 
deepest  between  the  mid'iuptrior  point*  of  the  oibital  peripheries  and 
IS  due  to  the  swollen  condition  ot  the  latter  thi'i  being  caused  by  the 
diploic  tissue  m  the  frontal  bone«  in  this  loLalit\  No  «ueli  state  a** 
this  i*!  to  be  found  m  an>  of  our  ictenne  birds  or  in  the  crows  it  is 
entirely  absent  m  Onolus  chinctisis  and  pribablv  m  othei  onoles  How 
ever  ro  =ome  American  forms  of  this  genus  aa  in  Icierv  cucuUatu^  ■sen 
netti  a  shallow  median  depression  mil  occur  in  the  antero  fiontal  region 
but  without  a  thickening  of  the  oibital  nms  upon  cither  side  It  'teem') 
quite  likely  then  that  this  character  alone  would  be  uffiticnt  to  distm 
guish  the  skeleton  of  barrof^  fioni  anv  of  its  near  allies  unless  perad 
venture  it  be  present  m  GojdffUfJiia  a  =ipeciei  not  >et  examined  hi  me 
osteologically  ^arcop  has  the  parietal  region  of  the  skull  smooth 
full  and  rounded  indicating  a  greater  cranial  capacity  than  m  other 
ictenne  species  of  similar  s)7e  as  for  example  Oitolm  /(i»c/iak  In 
this  particular  it  approacho  the  crows  and  American  marsh  blackbirds 

'  Sh  ifeldt  R  IV  Indi  dual  variation  in  the  skelet  ns  of  birda  and  other 
matter*  Thf  Avl  Tulv  1387  4  >6o-'eR  (Letter  t>  the  Editor  )  The  two 
skulls  illustrat  ng  th  s  letter  have  appeareil  in  several  of  my  memoirB  the  speci 
mena  themselvei  lowever  are  no  longer  in  my  collect  on  b  t  were  disposed  of 
either  to  the  British  Museum  or  to  the  College  of  "burgeons  (Lincoln  s  Inn 
Fields),  London. 
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and  departs  from  the  orioles,  and  such  a  species,  too,  as  the  huia  bird 
(Heteratocha  gouldi)  of  Australia — a  form  which  Garrod  found  to  be 
more  nearly  related  to  the  Sturnida  than  to  the  Corvida.* 

Passing  to  the  lateral  aspect  of  the  skull,  it  is  to  he  noted  that  Sarcops 
possesses  the  large,  elliptical  narial  aperture  found  in  the  Corvida, 
the  orioles,  Sturnella,  Lamprocorax,  the  American  marsh  blackbirds,  and 
related  genera  and  species.  There  is  no  osseous  narial  septum  present, 
and  in  the  material  at  hand  I  find  such  a  bony  partition  developed  only 
in  Oriolus  chinensxs  and  Gorvus,— to  a  alight  degree,  superiorly  in  the 
former,  and  anteriorly  in  the  latter,  as  in  the  raven  {Corvus  corax 
sinuaivs)  ^ 

In  form,  the  superior  mandible  of  Sarcops  is  rather  broad  at  its  base ; 
the  culmen  rounded,  tomia  cultrate;  the  whole  being  gently  decurved 
throughout  and  gradually  carried  to  an  acute  apex  anteriorly,  (See 
PI.  I.) 

More  closely  approaching  tlie  orioles  in  its  general  contour,  it  lacks 
entirely  that  peculiar  median  elevation  of  the  culmen,  between  the  nasals, 
BO  prominent  in  the  skull  of  Sturnella,  and  generally  in  Xanthocephalus, 
Agelaius  and  their  nearest  relatives,"  as  well  as  in  the  several  species  of 
Euphagus,  Quiicalus,  Megaqmacalus,  and  somes  finches  most  nearly 
related  to  them.  The  bone  which  I  described  as  the  lacrymal  in  Stur- 
nella is  also  present  in  Sarcops,  where  it  is  represented  by  a  small,  trian- 
gular ossicle  wedged  in  between  the  corresponding  nasal  and  the  pars 
plana,  coming  barely  in  contact  with  the  frontal.  Its  descending  spiral 
process  may  or  may  not  ossify,  but  when  it  does,  it  supports,  or  gives 
attachment  to,  the  thin  membrane  which  anteriorly  is  attached  to  the 
maxillary  below,  and  the  free  posterior  margin  of  the  nasal,  anteriorly. 
Minute,  insular  ossifications  may  occur  in  this  membrane,  as  I  have 
found  to  be  the  case  in  Sarcops  melanonoius.  Indeed,  tlie  bone  I  take 
to  be  the  lacrymal,  in  Oriolus  chinensxs,  is  very  small,  and  it  occupies  a 
lower  position  between  the  pars  plana  and  nasal,  apparently  not  being 
in  contact  with  the  frontal  at  all,  although  it  may  articulate  with  its 
nasal  process,  beneath  the  overlapping  nasal,  and  the  relationship  thus 

'Garrod,  A.  H.;  Notes  on  the  anntojiiy  of  the  huia  bird  {Heleralocha  gouldi) 
Proc.  Zool.  Soc.  ( 18721 ,  843-647.  Judging  from  the  flgures  and  description  of  the 
skull  of  this  species,  as  given  us  by  Garrod,  Sarcops  and  it  are  by  no  means 
cloBCly  allied. 

•Shufeldt,  R.  W.;  The  myology  of  the  raven,  p.  7,  fig,  1.  In  some  skulls  of 
the  conmon  American  crow  at  band  it  is  entirely  absent,  aa  it  is  also  in  Pica. 

'Shufeldt,  R.  W.;  On  the  skeleton  of  the  genus  Bttimella,  with  OBteological 
notes  upon  other  North  American  Icteridoi,  and  the  CorvidcE.  Jour,  of  Anat.  and 
Phya.  (1R8S),  22,  n.  s.,  2,  311,  PI.  XV,  tig.  1.  The  form  of  the  superior  osseous 
mandible  is  far  more  like  that  which  we  find  in  Pica,  it  does  not  so  much  resem- 
ble that  in  Sturnella  or  the  marsh  blackbirds.  In  Oriotua  chinenait  there  is  a 
slight  indication  of  this  prominence  of  the  culmen  in  the  intemaaaJ  region. 
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be  concealed  from  view  This  can  onb,  he  proved  bj  an  e\aniination 
of  the  neBtlmg  before  interossihcati  dq  of  the  bones  mvohed  has  com 
meiiced  In  fact  at  this  stage  of  development  m  anv  of  the  species 
above  mentioned  we  ma^  possiblv  discover  that  the  ofesicle  I  have  con 
sidered  to  be  the  lacr>mal  is  nothing  more  than  an  os&ificatnn  m  tht 
upper  angk  of  the  triangular  membrane  stretched  over  the  opening  evist 
ing  in  the  dried  skull  between  the  pars  plana  nasal  and  maxillary  and 
that  the  true  latr>mal  m  the  adult  is  indistinguishibli  fuoed  with  the 
upper  part  of  the  part  plana  Such  a  discovery  would  not  surprise  me 
but  until  such  le  sh  mn  to  be  the  case  I  must  believe  the  ibo^e  description 
to  be  the  correct  one 

As  in  Onolui  anl  m  the  majontv  of  the  ether  species  herein  men 
tioued,  the  ethmoidal  v*ing  or  para  plana  in  '^arcops  m  remarkablv  well 
developed  Apart  fiom  tiie  two  small  foianimal  perforations  in  it  it  con 
stitutes  a  complete  and  rather  thick  bon>  wall  betvween  the  orbit  and  the 
rhinal  cavitv  beyond  it  being  concaie  posten)rl>  and  lonvex  for  its 
anterior  surface  with  a  decided  rounded  notch  at  the  middle  of  its 
external  border — a'-  m  Onolus  Lamprocorax  nnd  others  This  osseoui 
partition  is  lesi  complete  m  ^turnella  and  some  of  the  crows  '^arcopi 
possesses  a  lapacious  hemisphencal  orbit  with  quite  a  large  vacuit)  in 
the  interorbital  septum  with  the  openings  into  the  brain  cavit\  much 
enlarged  above  though  the  foramen  rotund  im  remains  distinct  though 
not  as  decidedlv  so  as  in  CyanocephaJus  and  among  the  American  ]ays 

As  in  Onolus  chtnenit*.  the  postorbital  processes  at  the  lateral  a^jiect 
of  the  cranium  are  fairlv  well  developed  and  bluntly  [.ointel  the  vallej 
between  them  being  narrow  rather  deep  and  extending  backward  aa  tht 
crotophjte  fossa  it  i=!  tcnfined  entirely  to  the  lateral  aspect  o£  the  skull 
The  conformation  here  agrees  with  the  orioles  rather  than  with  the 
starlings  and  their  near  allies  {Sturnella  etc  )  The  infraorbital  bar 
composed  of  the  usual  hones  is  extremelv  slender  hardly  curved  at  all 
and  from  quadrate  to  ethmoid   nearlv  of  uniform  size 

At  the  baac  of  the  skull  all  the  bones  and  their  artieulationa  and 
reiatioiiships  present  the  usual  passerine  characters  departing  therefrom 
only  in  certain  spetiiic  variations  Antero  postern  rly  the  basitemporal 
region  is  short  and  the  sphenoidal  roatrum  sharplj  keeled  beneath  Tl  o 
condyle  is  quite  minute  while  the  subcircular  foramen  magnum  is  com 
paratively  large  Nothing  of  special  importance  charatterues  cither  the 
quadrates  or  the  pter>goids  The  bodv  of  a  palatme  is  notally  short 
autero-postenorly  with  the  process  at  its  postero  external  angle  t^nspic 
uouB,  though  blunt  as  in  most  orioles  Its  prepalatme  portion  is  very 
slender  and  widely  separated  from  the  fellow  of  the  opposite  side  In 
the  intervening  spare  is  seen  the  large  keeled  and  bifurcated  vomer  which 
unites  with  the  palatines  jiostenori^  A  mamllo  palatine  is  an  e\tremelv 
delicate  structure  with  a  slightlv  clubbed  free  posterior  extremitv  On 
either  side  thia  ven  fragde  little  element  curves  hickward  m  the  ^pace 
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existing  between  the  vomer  and  the  prepalatine.  There  is  no  osaeous  floor 
to  the  rhinal  chamber  in  front  of  the  vomer — a  partition  that  partly  ossi- 
fies in  Oriolvs,  but  not  in  Sturnella.   . 

At  the  posterior  aspect  of  the  cranium  the  occipital  area  is  extensive 
and  well  defined,  while  the  bounding  crest  is  nowhere  raised  as  it  is  in 
the  American  marsh  blackbirds  and  the  genus  ^tvmella — and  in  tliese 
latter  forms,  too,  the  occipital  area  comparatively  is  not  so  extensive. 
All  this  part  of  the  skull  in  Sarcops  is  more  as  we  find  it  in  Oriolus  and 
Ictems. 

Concerning  the  mandible  there  is  not  much  to  be  said,  for  it  has  the 
usual  V-pattem  of  the  various  genera  mentioned  above,  with  a  moderately 
deep  symphysis  and  flat  sides.  As  a  whole  the  anterior  moiety  is  bent 
gently  downward,  and  an  elliptical  vacuity  is  to  be  found  at  its  usual 
site  in  either  ramus.  Posteriorly,  the  articular  ends  are  truncated,  with 
an  indication  of  a  process  above,  each  having  the  usual  iutumed  one  with 
the  minute  pneumatic  foramen  near  the  extremity.  The  inferior  ramal 
margins  are  rounded,  while  superiorly  beyond  the  symphysis  they  are 
cuJtrate.  Upon  either  side,  between  the  articular  extremity  and  the  cor- 
responding quadrate  a  sesamoid  is  to  be  found.  It  occurs  in  the  lateral 
ligament  of  the  jaw,  and  is  very  likely  to  be  overlooked  in  cleaning 
skulls  of  this  species  for  study. 

The  sclerotal  plates  of  either  eye  are  small  and  of  about  the  usual 
number.  They  present  nothing  peculiar  beyond  what  we  find  in  any 
ordinary  passerine  bird.  This  also  holds  true  for  the  bones  of  the  hyoid, 
for  they  possess  the  usual  characters,  although  we  must  note  that  the 
uro-hyal  has  a  spatulate  distal  extremity,  present  also  in  Oriolus  chinensis. 
In  the  articulated  skeleton,  the  inferior  aspect  of  the  ossified  larynx  rests 
upon  this  expanded  portion  of  the  mesial  element  of  the  hyoid. 

KEMAINDEK  OF  THE  AXIAL  SKELETON. 

Siiro/'  possesses  an  unusual  number  of  vertebrae  m  its  spmal  column 
as  compared  with  the  other  gt,nera  of  bir  is  named  above  I  find  it  to 
agree  with  the  crows  and  jaj''  and  «uch  genera  as  Mohikrus  an  1 
talamospi  a  in  having  19  fiee  vertebrte  between  the  skull  and  the  pehis 
All  of  the  orioles  (Ictenda)  and  the  marsh  blackbirds  which  I  have 
examined  posscsh  only  18  Sarropi  has  11  vertebra  in  its  pelvic  sacrum 
that  is  that  portion  of  the  spine  coosbified  with  the  dia  of  tht  pelvis  In 
this  count  it  agrees  with  most  crows  and  jays  founl  in  the  United  States 
ivifauna  orioles  and  marsh  blackbirds  {igelaius  ett  )  having  but  10 
as  IS  also  the  ease  with  Fuphagus  and  Sturnella 

Finally  ^arcop  has  7  free  caulal  vertfibr^  m  addition  to  a  large 
pvgostvle  Onl\  6  tail  vertebrje  occur  m  the  orioles  and  other  genera 
just  named  In  all  these  birds  thej  a]  pear  to  b  nonpneumatic  and  this 
alh    appear'*  to  bt  the  cast  with  the  stvcral  vertelrse  while  those  of  the 
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neck  and  back  are  always  pneumatic.  Sarcops  Iiae  a  very  rudimentary 
pair  of  free  rifes  on  its  thirteenth  cervical  vertebra,  and  a  much  longer 
free  pair  on  the  fourteenth ;  these  latter,  however,  never  have  costal  ribs 
or  unciform  appendages. 

There  are  then  dt  vertebne  and  the  pygostyle  in  the  spinal  colum.n 
of  Sarcops;  the  five  dorsal  ones  hearing  the  dorsal  ribs  possess,  as  do 
all  the  others  of  the  chain,  the  usual  passerine  characters.  These  ribs 
all  support  well-developed  unciform  appendages,  and  connect  with  the 
8t«mum  by  the  intervention  of  a  graduated  series  of  costal  ribs.  ,  The 
leading  vertebra  of  the  pelvis  also  has  a  pair  of  long,  slender,  free  ribs, 
but  this  pair  lacks  the  epipleural  appendages,  and  its  costal  hfemapophyses, 
although  long,  fail  to  connect  with  the  stemiim.  In  the  dorsal  vertehrse 
the  neural  spines  mutually  interlock  with  each  other  in  front  and  bthmd 
along  their  superior  borders  while  the  anterior  and  posterior  margins 
ot  these  spines  are  concave  and  '-o  do  not  tome  m  ci  ntact  with  each 
other  The  atlas  vertebra  hat  its  articular  cup  perforated  at  its  base, 
and  the  odontoid  proccs  of  tlie  axis  \crtebra  is  tonspicuoui  We  note 
that  m  the  case  if  the  fir=it  six  ciudal  veiii.bra.  the  tranisveree  processes 
are  \en  nearh  of  a  unitorin  length  with  pointed  outer  extremities 
They  are  bent  "lightli  downward  and  their  neural  spines  are  about 
equallv  »tli  developed  Only  the  fifth  si\th  and  seventh  taudals  have 
hiemal  spines  they  being  bifuicated  in  the  la^t  two — smgle  and  hooked 
forward  m  the  fSM  The  seventh  caudal  vertebra  is  more  or  less  rudi 
mentar\  more  e*.pecia!lv  m  regard  to  iti  lateral  proce&ses  rither  than  its 
spines    m  fact  its  bifurcated  hfemal  spine  i&  the  largest   )f  the  series 

6arcops  has  a  typically  passenne  sternum  and  searcelv  dp{  arts  at  all 
m  its  characttrs  from  the  sterna  of  other  birds  mire  or  less  nearh  related 
to  it  Orwliis  ihmensts  for  exampk  has  a  sternum  almost  identicaih 
like  the  bone  as  we  find  it  m  Sarcops  moreover  the  sterna  agree  in 
the  adult  m  the  matter  of  length  to  the  fraition  of  a  millimeter  the 
mea^utements  being  taken  fr>m  the  base  of  the  bifurcation  of  the  manu 
brium  m  front  to  the  middle  point  of  the  xiphoidal  bordtr  behind  The 
manubrial  process  is  somewhat  larger  in  Sarcops  than  it  is  in  0.  ckinensis, 
otherwise  they  are  identical  and  the  sternum  of  Sarcops  is  so  thoroughly 
passerine  that  it  requires  no  special  description.  Lamprocorax  forms 
no  exception  to  this  statement,  is  we  know  even  m  the  crows  {Pica, 
Corvus,  etc.)  the  sternum  is  practically  the  same  m  character — ^here, 
however,  we  meet  with  the  pneumatic  foramen  medially  m  the  coraeoidal 
groove,  posterior  to  the  base  of  the  manubrium  not  fiund  in  Sarcops 
and  others,  wherein,  nevertheless   the  sternum  is  [  neumatic 

Passing  to  the  pelvis  it  is  very  otviouu  at  a  glance  that  in  ail  partic- 
ulars it,  too,  is  typically  passerine  in  each  and  all  of  its  characteristics; 
so  that  what  has  just  been  said  above  m  reference  to  the  btemum  is 
equally  applicable  to  the  pelvis.  If  we  compare  character  with  character 
as  found  in  the  pelvis  of  Sarcops  with  the  corresponding  ones  in  the 
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pelvis  of  Oriolm  ckinensis,  it  is  at  once  evident  that  the  two  bonee  are, 
morphologically,  almost  identical.  Ae  compared  with  its  length,  the 
width  of  the  pelvis  in  Sarcops  calvus  is  the  mere  fraction  of  a  millimeter 
wider  than  is  the  ease  in  0.  chvnensis.  The  same  characters  also  obtain 
in  any  of  our  American  orioles,  such  as  Icterus  icterus,  I.  c.  sennetti, 
Ictents  spurius,  I.  gaibcda,  I.  bullocki,  and  others  with  which  I  have 
compared  it  in  this  and  other  particulars.  Even  aa  we  pass  to  Eupkagus, 
the  pelvis  is  of  the  same  general  pattern,  which  is  likewise  true  of  this 
bone  in  its  near  allies.  In  Stumella,  the  mesial  borders  of  the  ilia  in 
tlie  dorso-preacetabular  region  of  the  pelvis  usually  meet  the  superior 
border  of  the  sacral  crista,  a  condition  I  have  never  met  with  in  any  of 
the  other  passerine  birds  named  above.'  It  hardly  seems  necessary  here 
to  enter  further  into  details  of  this  bone,  as  I  have  so  frequently  figured 
and  fully  described  the  pelvis  of  corvine,  sturnine,  icterine,  and  related 
forms  of  birds,  in  other  papers  which  have  appeared  during  the  past 
twenty-five  years.  It  has  already  been  pointed  out  above  that  there  is 
one  less  vertebra  included  in  the  pelvis  of  Onolvs  than  there  is  in  that 
of  Sarcops,  but  this  difference  is  only  apparent  after  actual  count,  and 
in  no  way  affects  the  general  appearance  of  similarity  in  the  bone  in  the 
two  genera. 

Coming  to  the  bones  of  the  pectoral  arch  or  the  shoulder  girdle  we 
iind  these,  too,  to  be  typically  passerine  in  all  tlieir  characters,  and, 
moreover,  remarkably  alike  in  Sarcops  and  Oridus.  Essentially,  too, 
they  are  the  same  in  Lamprocorax.  We  meet  with  the  usual  U-shaped 
OS  furcula  with  its  conspicuous,  oblong  hypocleidium  extending  backward 
hut  not  coming  in  contact  with  the  anterior  margin  of  the  carina  of  the 
sternum  in  the  articulated  skeleton.  The  clavicular  limbs  are  slender, 
with  the  usual,  expanded,  free  heads  for  articulation  with  the  scapula 
and  coracoid  upon  eitlier  side.  These  last  two  possess  the  usual  passerine 
form,  and  articulate  with  each  other  and  the  furcula,  exactly  as  they 
do  in  the  Jcf  mite  and  related  genera. 

At  the  shoulder  joint  in  Sarcops  and  Oriolvs,  and  probably  in  all  the 
other  genera  mentioned,  there  is  a  free,  peg-like  oe  humero-acapulare  of 
some  considerable  size. 

SKELETON   OF   THE   LIMBS. 

There  would  be  but  little  to  be  derived  from  a  detailed  description  of 
the  bones  of  the  pectoral  and  pelvic  limbs  of  Sarcops,  for  when  it  is  said 
that  they  are  typically  passerine  in  all  their  essential  characters,  tha 
comparative  osteologist  at  once  appreciates  what  they  are  like,  morpho- 
logically. Ae  compared  with  Oriolus  chinetms  the  long  bonee  of  the  arm 
or  wing  are  both  relatively  as  well  as  actually  shorter  in  Sarcops  calvus 

'  See   fig.    7    of   my   memoir   "On   the   skeleton   of   the   genus   Slumella,   etc. 
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than  they  are  in  that  species,  the  reverse  being  the  case  in  regard  to  the 
bones  of  the  leg.  For  example,  in  both  of  these  birds  the  keel  of  the 
sternum  has  an  extreme  length  of  3.4  centimeters  while  the  proportionate 
length  of  some  of  the  long  bones  is  as  follows ; 


H.„. 
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Femnr 

Tlbto 

=;. 

Cm. 

Cm. 

^'7i 

Cm. 

■»■ 

.- 

1 

In  Sarcops  the  h  imerus  ii  highly  pneumatic  and  the  ulna  to  a  degree 
probably  so.  I  am  also  inclined,  to  believe  that  the  femur  and  the 
proximal  four-fifths  of  the  tibio  tarhus  is  likewise  w  while  the  other 
bones  are  not — (.-ertamlv  not  the  metatarsus  and  the  bones  of  manus 
and  pes. 

The  humerus  has  i  straight  shaft  and  short  radul  tre«t  The  pneu 
matic  fossa  is  detp,  completely  surrounded  h^,  a  raibcd  rim  while  the 
pneumatic  foramen  at  the  base  is  large  single  and  leadf  directl>  into  thi 
hollow  shaft.  Both  Onoltis  anl  '^anops  haie  a  fair  sized  tree  sesamoid 
at  the  elbow,  an  o^^cle  that  is  probablv  present  in  other  specie  named 
above.  In  8arropt  the  papillee  that  usuallv  are  found  donn  the  bhatt 
of  the  ulna  are  practically  absent  while  they  are  quite  conspicuous  in 
Oriolits.  The  bones  of  the  carpus  and  pinion  present  nothing  peculiar 
in  either  species 

The  shaft  of  the  femur  is  slightly  bowed  to  the  front  m  Sarcops 
and  straight  in  Onolus  while  both  posses-,  a  well  de*  eloped  patella  Be 
low  the  thigh  Itone  the  shafts  of  the  tibio-tarsus  and  metatarsus  are 
cjuite  straight,  especiallv  in  Sarcops  and  the  fibula  extends  on!^  for  a 
short  distance  below  the  articular  nlgc  on  the  side  of  the  shaft  ot  the 
former.  This  ridge  is  more  delated  m  'sarcops  than  in  Onolus  thus 
causing  the  leg  bones  to  stand  farther  apart  m  the  former  spec  es 

Osteologieallj  the  metatarsus  and  the  pedal  digits  are  normally  pas 
serine,  and  offer  no  salient  characters  b\  means  of  which  tlie^  ma\  bt 
distinguished  from  the  corresponding  bones  of  the  nearest  allies  of 
Sarcops — that  is  beiond  the  matter  of  proportional  size  and  lengths 
The  osseous  claw  or  ungual  phalanx  of  the  hallux  is  very  large  in  barcops 
while  the  shaft  of  the  proximal  joint  of  tliiu  toe  is  comparatively  slender 
Beyond  these  few  charatteis  there  is  nothing  worthy  of  rcord  other 
than  we  would  expect  to  find  in  the  n  rinal  f  H)t  of  i  pisMiine  1  iid  of 


'  Forbes,  W.  A. :  On  the  vnriat 
birds.     Ihis.   (1882),  6,  38<>-390,  ii 


9  from  tlie  normal  structure  of  tlie  foot  i 
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Comparing  them  character  for  character  in  all  of  their  minor  details, 
the  bones  of  the  Hmbs  in  tiarcops  stand  in  better  agreement  with  the 
corresponding  ones  in  Lamprocorax  than  they  do  with  those  of  Oriolus, 
and  especially  in  the  matter  of  those  characters  I  have  noticed  above. 

Further  account  of  the  osteology  of  the  limbs  of  certain  passerine 
birds  more  or  less  related  to  Sarrops  are  presented  in  my  paper  on  the 
skeleton  of  StnrneUa,  cited  above,  and  these  may  be  compared  liy  any 
one  desiring  such  information,  although  this  can  only  be  considered  of 
any  taxonomic  value  whatever,  when  taken  in  connection  with  the  char- 
acters presented  on  the  part  of  the  skulls  and  trunk  skeletons  of  the 
various  species  considered. 

C0NCLU8I0N8. 

Judging  from  the  osteological  characterB  of  the  material  upon  which 
the  present  examination  is  based  it  is  dear  that  the  representatnes  of 
the  genus  Sarcops  are  strictly  passerine  torms  Tn  them  the  skull  is 
very  distinctive,  and  in  a  few  particulars  quite  unlike  any  of  the  tyjiical 
Icteridw.  This  does  not  apply  to  the  remainder  of  the  skeleton  Ilnfor- 
timately,  Goodfellowia  has  not  been  compared  osteologically  in  the  present 
connection,  but  it  may  be  said  that  in  cranial  characters  Lamprocorai 
panayensis  comes  much  nearer  Onolus  rhtnensis  than  Sarcops  approaches 
either  of  them.  In  fact,  the  skull  m  the  latter  is  not  particularly  uterine 
in  character,  while  in  the  morpholog\  of  the  hones  of  its  face  it  stands 
nearer  the  orioles  than  it  does  to  species  as  the  American  marsh  black- 
birds, such  as  Xanihocephalus  and  its  allies,  although  in  other  characters 
it  approaches  them. 

It  will  require  further  examinations  and  comparisons  with  other  re- 
lated birds  of  the  Philippine  avifauna,  and  especially  Qoodfellowm,  before 
a  more  definite  opinion  can  be  given  as  to  the  exact  relationships  of  the 
species  now  included  in  this  genua. 
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.  I^ft  lateral  viett"  of  the  Bkeleton  of  Sarcopa  calvtia,  adult  J.  Reduced 
about  one-fourth.  Hyoid  arehea  removed,  aa  well  as  the  aclerotal 
plates  of  the  eyes.  Collected  by  Richard  C.  McGregor  in  Mindoro, 
May,  1305.     From  a  photograph  made  by  the  author. 
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ON  A  NESTING  SPECIMEN  OF  CAPRIMULGUS  GRISEATUS 
WALDEN. 


By  De*k  C.  Woi 
t  the  office  of  the  tiecretary  of  the  Interio 


On  May  39, 1907,  as  I  was  riding  over  a  piece  of  stoii_y  ground  sparsely 
covered  with  vegetation,  my  horse  stepped  witliin  six  inciies  of  a  goat- 
sucker (Caprimulgus  griseatvs  Wald.)  whicli  was  sitting  on  two  eggs. 
The  bird  fluttered  a  scant  two  feet  from  lier  nest  and  lay  <jiiiot  on  tlie 
ground  with  her  wings  fully  extended.  After  riding  on  for  a  short 
distance,  I  dismounted  and  returned  to  the  nest.  The  bird  allowed 
uio  to  approach  within  five  or  six  feet  of  her,  and  then  attempted  to  toll 
me  away  by  fluttering  along  the  ground.  After  I  liad  followed  her  for 
some  distance  she  began  to  make  short  flights,  doubling  so  quickly  as 
she  alighted  that  the  eye  could  hardly  follow  her.  Her  color  blended 
perfectly  with  the  sand,  gravel  and  stones  about  her  so  that  in  several 
instances,  having  looked  away  from  her,  I  was  quit*  unable  to  see  her 
again  until  I  walked  up  near  enough  to  flush  her. 

On  the  following  day  I  returned  with  a  camera  and  took  the  photo- 
graphs here  reproduced. 

The  first  (PI.  I,  fig.  1)  was  taken  at  a  distance  of  approximately  ten 
feet;  the  second  (PI.  I,  fig.  3)  at  about  five  feet;  the  third  (PI.  II, 
fig.  1)  at  thirty  inches. 

The  bird  at  first  was  asleep,  hut  while  the  camera  was  being  set  up 
for  the  third  photograph  with  the  lens  close  to  her,  she  occasionally 
opened  her  eyes  and  was  evidently  depending  upon  her  color  to  protect 
her. 

Having  secured  the  three  photographs  above  mentioned,  I  endeavored 
to  take  a  fourtli  from  above,  with  the  tripod  directly  over  the  nest.  I 
succeeded  in  focusing  without  disturbing  tlie  bird ;  but  the  sunlight  was 
intense  and  the  flirting  of  the  black  cloth  with  which  I  was  protecting 
the  plateholder  as  I  was  about  to  insert  the  latter  in  the  camera,  caused 
her  to  take  flight. 

As  on  the  previous  day,  she  flew  hut  a  few  feet  at  a  time,  at  first  alight- 
ing with  wings  outstretched  and  resting  on  the  ground.  As  I  followed 
her  away  from  the  nest,  she  increased  the  length  of  her  flights,  and 
again  began  to  alight  with  a  very  swift  doubling  movement  which  ren- 
dered it  most  diflicult  for  the  eye  to  follow  her. 
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After  she  had  left  her  eggs  I  photographed  them  from  aliovc  {I'l.  II, 
fig.  3).  They  were  two  in  number,  and  in  color  were  dirty  white  with  a 
few  faint,  purplish  lines  and  lilotelies.  They  were  in  an  ailvanced  state 
of  incubation.  Scattered  about  neai'  them  were  several  small  and  per- 
fectly white  stones,  which  had  evidently  been  brought  from  some  dis- 
tance by  the  parent  birds,  as  no  similar  ones  could  be  found  in  the 
vicinity.  These  stones  served  the  purpose  of  rendering  the  eggs  less 
conspicuous  when  uncovered,  but  whether  they  were  brought  with  this 
end  in  view  or  for  purposes  of  ornamentation,  it  is  of  course  not  easy 
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ILLUSTRATIONS. 


Fw.   1.  Caprim-ulgu4  griaealua  on  its  neat ;  taken  at  a  distance  of  ten  feet. 
2.  The  same  at  five  feet. 

Plate  II. 

Kio.   1.  The  same  at  thirty  inehea. 

2.  Tlie  eggB  of  C.  griseatjis  in  situ;   taken  with  the  camera  direettj 
the  nest. 
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ON  A  NESTING  PLACE  OF  SULA  SULA  (LINN.€US)  AND 
STERNA  AN/ESTHETA  SCOPOLI. 


bv  Dean  C.  W. 


On  Satui-day,  June  15,  1907,  when  on  a  trip  of  inspection  to  the 
Babnyanes  and  Batanes  Islands  in  company  with  t]ie  Governor- (ieneral, 
our  party  sailed  from  Port  Sau  Pio  on  the  Idand  of  CanuKui>i  i^  o. 
general  nor tli westerly  directiim  in  order  to  observe  a  volcano  said  to 
exist  in  tlie  immediate  vicinity  of  the  Didikas  rocks. 

We  found  that  tliis  volcano,  which  rose  from  tlie  sea  in  1859  and 
gradually  increased  in  M7.e  until  it  attained  a  height  of  700  feet,  had 
completely  disappeared. 

The  Didikas  rocks  consist  of  three  separate  masses,  two  of  which  rise 
to  a  height  of  about  150  feet  each  and  are  quite  sharply  pointed,  while 
the  third  mass  is  longer,  lower,  and  runs  up  to  a  narrow  crest  (PI.  I), 
There  were  signs  of  recent  volcanic  activity  on  the  western  side  of  this 
lower  mass  of  rock;  and  as  the  soa  was  perfectly  calm  at  the  time,  we  at- 
tempted to  land  in  order  to  make  a  closer  examination.  As  our  boat 
approached  the  rocks  lai^e  mimhers  of  Iwohiea  \i^iila  svia  (Linn.)')  and 
terns  (Sterna  anastheta  Scop.)  flew  out  to  meet  iis  and  hovered  about 
our  boat  in  evident  enriosity.  They  were  little  disturbed  by  the  shots 
that  ended  the  earthly  careers  of  several  of  their  number,  and  continued 
to  follow  us  about  as  long  as  we  remained  in  the  immediate  vicinity  of 
the  rocks. 

The  two  higher  pointed  rocks  were  covered  with  the  excrement  of  the 
boobies,  and  as  a  number  of  terns  were  seen  issuing  from  holes  in  the 
volcanic  conglomerate  which  made  up  a  part  of  the  third  rock,  it  seems 
probable  that  both  species  use  these  rocks  as  a  nesting  place. 

The  Didikas  rocks  lie  fairly  in  the  main  typhoon  track  and  are  swept 
by  fierce  winds  and  strong  currents.  There  is  no  more  isolated  and  inac- 
cessible breeding  ground  for  water-birds  in  the  Philippine  Islands.  Even 
-  with  the  fea  apparently  perfectly  calm,  it  proved  impossible  to  land,  as 
the  almost  imperceptible  swell  was  breaking  so  heavily  at  the  base  of  the 
rocks  that  there  would  have  been  serious  danger  of  destroying  our  boat 
had  we  attempted  to  do  so. 
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ILLUSTRATION. 


Plate  I.  View  ot  Didikas  rocks. 
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NOTES  ON  A  COLLECTION  OF  BIRDS  FROM  THE 

ISLAND  OF  BASILAN  WITH  DESCRIPTIONS 
OF  THREE  NEW  SPECIES. 

By  Richard  C,  McGbegor. 

( A'lom  thr:  ^nologirnJ  mn-tiiiyi.  Biological  Lnborntory,  liurrau  of  Scienre.] 


The  Islaml  of  Basilan  ih  about  8  miJes  Boutli  of  the  long  peniii'iula 
of  M  dana  on  which  Zamboanga  is  sitimfed  It  is  separated  from 
M  ndanao  t  haJlow  water  and  there  are  Be^eral  small  islands  in  the 
chan  el  B as  Ian  is  well  woodwl  and  its  surface  is  broken  but  there 
arf  0  h  gl  n  ountam-'  The  =!mall  island  of  Malamaui  i&  separated 
from  B  s  Ian  by  'o  narrow  a  chajincl  that  I  have  not  thought  it  worth 
while  to  consider  the  two  islands  as  distinct  localities. 

Steere  visited  Basilan  in  1874  and  obtained  23  species  of  birds,  14  of 
which  were  described  by  Sharpe.  Everett  spent  a  short  time  there  in 
1878  and  added  48  species  to  the  list.  The  Stcere  Expedition  in  No- 
vember, 1887,  obtained  specimens  of  8  species  which  were  described  as 
new  by  Steore.  In  1890  the  Menage  Expedition  made  a  large  collection 
in  Basilan,  adding  15  species  to  the  list  of  those  already  known  from  the 
island;  one  of  these  was  new  to  science.  The  species  known  from  Ba- 
silan as  given  in  McGregor  and  Worcester's  Hand-List  amount  to  123, 
but  one  of  these  (Oalliintta  a'nochlami/s)  is  not  found  in  the  island,  so  that 
131  is  believed  to  be  the  correct  number. 

Collectors  from  the  Bureau  of  Science  worked  near  Isabela,  Basilan, 
from  December  14,  1906,  to  March  19,  1907,  and  the  specimens  obtained 
by  them  furnish  the  material  for  this  paper.  I  am  now  able  to  add 
29  species  to  the  list  of  Basilan  l>irds,  one  of  which  appears  to  be  new 
to  science.  At  the  same  time  I  have  described,  as  new,  two  species  which 
have  previously  been  united  with  their  relatives  found  in  Mindanao. 

LIST  OF  SPECIES  NOT  PHEVIOUSLY  ItBCOItDED  FROM  BAaiLAN. 

Excalfactoria    lineata.  ^^giaiitis  dubia. 

RalHna  miryzonoides.  ^guditis  peroni. 

Oallinula  chloropus.  '  liimantopus    leucocephalus. 

Charadrivs  fulvvs.  Totanus  eurhinus. 

Oehthodromvs  mangolus.  Heteractitis  brevipes. 
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LIST  OF  KFKCIKfi  NOT  PKEVIOUSLY  RECORDED  FROM  BASILAN. — Cont'd. 

lihyacophilus  glareola.  Cuculus  canoras. 

Limonites  damacensis.  Chalcococcyx  xa-nihorhynckus. 

P'moura  episcopus.  Chalcococcyx  malayamts. 

Ardea  sumatrana.  Pitta  fastosa,  new  species, 

Egretta  garzetta.  Ilemichelidon  griseisticta. 

BuhuUus  coromandus.  I'ericrocotvs   cinereus. 

Dendrocygna  guttulaia.  Locustella  ochotensis. 

Mareca  penelope.  Acanthopneuste  borealw. 

Astnr,  sp.  fiudytes  leucostriatns. 
Astnr  soloensw. 

LIST  OF  NEW   SPBCI^;fi, 

Tkriponax    multilunatus.  Orthotomus  meamsi. 

I'itia  fastosa. 

TITLES   OF   PRINCIPAL   PAPERS    ON    TFIE   BIROS   OF    BASELAN. 

Bourns  and  Wohcestek,  Preliminary'  notes  on  the  birds  and  mammals 
collected  by  the  Menage  Scientific  Expedition  to  the  Philippine 
Islands.    Minn.  Acad.  Nat.  Sci.,  Occ.  Papers  (1894),  1,  1-64. 

McGregor  and  Worcester,  A  hand-list  of  the  birds  of  the  Philippine 
Islands,  Publication)!  of  the  Bureau  of  Government  Laboratories 
(1906),  36,  1-123. 

SiiARPE,  Prof.  Steere's  Expedition  to  the  Philippines.  Nature  (18?fi), 
14,  297-98. 

SiiARPE,  On  the  birds  collected  by  Professor  J.  B,  Steere  in  the  Philip- 
pine Archipelago.  Trans.  Linn.  Soc.  Zool.  (1877),  1,  307-355,  pis. 
46-54, 

Steeue,  a  list  of  the  birds  and  mammals  collected  by  the  Steere  Ex- 
pedition to  the  Philippines.     Ann  Arbor  (July  14,  1890)  1-30. 

TwKDDALE,  On  the  collection  made  by  Mr.  A,  H.  Everett  in  the  Island 
of  Basilan.     Proc.  Zool  Soc.  (1879),  68-73. 

Worcester,  Notes  on  the  distribution  of  Philippine  birds.  Proc.  U.  S. 
Nat.  Mus.  Wash.  (1898),  20,  567-635,  pis,  5S-61. 

Worcester  and  Botjkns,  A  list  of  the  birds  known  to  inhabit  the  Phil- 
ippine and  Palawan  Islands,  showing  their  distribution  within  the 
limits  of  the  two  groups.  Proc.  U.  S.  Nat.  Mils.  Wash.  (1898),  80, 
549-56(i. 

notes  on  the  .species  oriSERVED. 

Megapodiua  cumingi  Dillw. 

This  nipgnpocie  flppeared  to  be  rave  in  ISasilan ;  a  livp  apeeiiiien  was  Hocn  wliicli 
hud  been  tnken  in  a  snnie. 
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Excalfactoria  lineata   (Scop.). 

A  male  was  taken  Februaiy  fi;   the  Bjiecies  is  not  common  in  Basilan  luid  a 
far  has  been  unreeorde<l  from  the  island. 
Gallua  gallua  (Linn.). 

The  jungle  fowl  kbs  rather  abunilnnt  in  tliiek  sepond  growth  on  Malnmaiii  an 
several  individuals  were  killed. 


Oamotreron  vernans   (Linn.), 

This  species  like  the  hist  was  not  eonmion;  a  female  was  taken  in  December. 
Phapitreron  brunneiceps  Bourna  A  Worcester. 

This  species  is  very  distinct  from  /*.  amelhyatina,  being  amaller  and  difTerently 
colored.     A  male  taken  I'ebiuary  28  yields  the  following  meaauremeats:   Length, 
10.5  inches;  wing,  5.32;  tail,  3.04;  eulnien  from  base,  0.98. 
Phapitreron  occipitalis  Salvad. 

Fairly  abundant;  bill  and  bare  skin  about  eyes,  black;  irides  light-purple;  feet 
deep  rose ;  nails  gray.  This  species  is  well  separated  from  P.  leucolia  by  ita  lighter 
chin  and  malar  region  and  by  its  much  shorter  wing;  it  seems  to  be  very  near 
P.  hreviroalris  but  it  lias  more  metallic  color  on  head  and  neck  than  the  latt*r 
species. 

Leueotreron  occipitalis  Bp. 

A  male  in  adult   plumage   has  albinistie   feathers   in  mantle,  back,   tail,   ajiU 

Spiiotreron  bangueyenaia    (A.  B.  Meyer). 

This  handsome  little  dove  was  abundant  and  specimens  collected  were  very 
fat.  It  was  found  feeding  on  the  fruit  of  small,  second  growth  trees  and  shrubs. 
Muscadivora  aenea  (Linn.). 

Several  specimens  killed. 
Zonophaps  poliocephala   (Hartl.). 

This  large  Konetoiled  pigeon  is  represented  by  a  female  taken  March  IS. 
Macropygia  tenuiroatria  Bp. 

The  slender-billed  cuckoo-dove  is  reprpsente.1  by  a  female  taken  in  Decemlier. 
Streptopelia  dussumieri   (Temm.). 

Note 


Chalcophaps  indica  (Linn.). 

A  female  was  taken  in  January. 
Phlogwnaa  erinigera   (Jaeq.  &  Pucber.). 

But  three  specimens  of  this  species  obtained,  [.ength,  10.8  to  11.5  inches; 
bill,  black;  irides  dark-blue;  legs  and  feet  flesh;  scales  dark  carmine;  nails  white. 
RalJina  euryzonoidea  (Lafr.). 

A  male  of  this  rail,  which  has  not  been  recorded  from  Basilan,  was  taken 
February  23. 


Amaurornis  phoenlcura  (Forater). 
A  pair  taken  December  21. 
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Galllnula  cHiloropus  (Linn.). 

A  fema.lfi  was  taken  Deeemliev   29  anil   several  otlmr  indiviiluats   were  soeii; 
the  species  has  not  been  previously  noted  from  BasilHti. 
Charadrlua  fulvui  <Gin.). 

Two  apeoini«na   were  preserved  and   others  were   seen  liiiring  IJeeenilier ;    the 
s])ecies  has  not  been  reeorded  from  Riisilan, 


/EglalitlB  dubia   (Scop.). 

A  male  specimen  of  this   small    jdover   was   tiikeii    January   3   and   t 

is  new  to  the  Basilan  list. 
.Cgialitis  peroni  (Bp.). 

A   female  was  taken   l)ecendn'r   1(1:    like   the   last   tliJH   K|>e<'ies   lins 
reeorded  frran  Baailan, 
HImantopufl  leucocephalua  Gould. 

A  solitary  bird,  wliieh  1  have  no  hesitation  in  referring  to  tlie  ahoi 
was  repeatedly  seen  on  Malaniani ;  this  speeies  has  been  reeonled  fnmi 
and  no  fur  from  no  other  island  in  the  PhilippineH. 
Totanus  eurhinus  (Oberh.j. 

A   female   of   this   spceies    was   taken    Deceziiber   •lit;    the   s[>ec'ies   has 
recorded  from  Basilan. 
Heteractitia  brevlpea  (Vieill.). 

4  female      ns  taken  Deeenilier   12;    this   species  appears  not  to   havi 
■orded  fro     Bas  Ian 
Rhyacophilus  glareola   (Gni,). 

Th  s  specie     wl   eh  was  fairly  counnon,  seenirf  to  be  iinree(>r<leil  from 
pec  mens  were  obta  ned  in  December. 
Limonltea  demacensis  (Horsf) 

Small  flocks  of    t    (h  were  found  about  old,  flooded  rice  flelda  on  i, 
a  n  ale  and  t    o  f   n  Ics  taken  December  2li  nr<  of  tins  species,  which  r 
to    to  tl  e  Bas  1  n  1    t 
Gall  nago  megala  S     nhoe 

Sn  pt.      e  e  ab   ndant  alwnit  the  duek  p<  nd  on  Mnl  imaui   ind  the  onlj 
k  lied  were  of  the  abo  e  species. 


D  aaoura  episcopua  (Bodd.). 


inhabitant  of  Uasihit 


Ardea  aumatrana  RalH. 

A  fe    a!e  was  taken  December  IH.     0 
m  aaured    3  o     n  b         n    depth.     This    s 
Bas  Ian  1  st 
E g ret ta  g arietta   (Lnn.). 

A  male  taken  December  20  measured  24  inches  in  length ;  legs,  blaekish  with 
blotches  of  green  on  upper  parts;  feet  and  lower  part  of  tarsi,  green ;  bill,  black, 
except  basal  half  of  lower  mandible  wliic'b  was  white.  This  is  the  first  record  of 
the  species  from  Basilan. 
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Butorideejavanica  (HorEif.). 

Common  in  mangrove  swamps. 
Bubulcus  coromanduB  (Bodd.), 

A  few  small   flooks  observed  and   a   fpiiinle  taken  in  Doeember.     This  sppeies 
is  new  to  the  Basilnn  liat. 
Ardetta  cinnamomea   (Gni.). 

Fairly  abundant;  an  immature  ferniile  wivs  tnken  Deccnilier  2!). 
Dendrocygna  arcuata   (Horaf.). 

A  few  ducks,  for  tlie  most  part  of  this  s["eeies,  were  observed  on  n,  small  pond 
in  Malamaui. 
Dendracygns  guttulata  Wallace. 

A  male  of  this  species  was  found  iu  a  string  of  />.  arountii  killed  Dec'ember  2(i; 
the  S[>ecies  has  not  ))«en  previously  noted  in  this  loeiility. 
Mareca  penelope  (Linn.). 

A   female   widgeon   in   very   poor   plumage   was  taken   January    fl.     The   only 
previous  Philippine  record  is  based  on  a  spec'imen  killed  by  me  in  Calayan. 
Fregata  species. 

On  .lannary  17  a  small  flock  of  frigate  pelicans  was  seen  near  Basilan. 
Astur  species. 

A  female  taken  January  2i  is  provisionally  identified  as  AHtur  trimrqatni. 


Astur  soloensls 
Specimens  we; 

Spilornis  hoioap 
Two  specimens 

(Lath.), 
■e  obtained  in  .: 
liiua   (Vig.). 
(  taken. 

Butastur 

A  fciiia 

indicu 
le  take 

s   (Gm.). 

a  Januaq-  31. 

Haliaetos 

Oceaaio 

leucogaster  (Gm.). 
nally  seen. 

A  few  f 

Intermedlue  (iurney. 

Ninox  Japonica  (Temm.  &  Schl.). 

A  male  and  a  female  taken  in  Basilan,  February  27,  are  darker  than  specimens 
iiom  Ciiyo  and  Calayan.  The  following  notes  indicate  the  variations  in  specimens 
at  hand. 

Basilan,  February,  male  and  female;  six  dark  tail-bands,  first  and  second 
primaries  with  no  light  bands,  third  and  fourth  slightly  banded. 

Cuyo,  March,  male;   four  tail-bands,  all  primaries  strongly  banded. 

Fuga,  August,  two  males;  five  tail-bands,  all  primaries  banded. 

Calayan,  November,  male;  five  tail-bands,  and  primaries  strongly  banded; 
December,  male  and  November,  female;  five  tail-bands,  first  primary  with  indica- 
tions of  light  bands. 

Hondo,  Japan;  five  tail-bands,  all  primaries  weakly  spotted.' 
Ninox  apllocephala  Tweed. 

Five  specimens  were  taken  in  February  and  March.  This  species  is  very  much 
like  Vinoa  pkilippensis  hut  is  easily  recognized  hy  its  spotted  head. 
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Prionlturus  diteuru*  (Vieiti,). 

Abundant;  feeding  on  bananas. 
Tanygnathus  lucionengi*  (Linn.). 

Abundant. 
LoriculuB  aplcalU  Smianc^. 

Fairly  abundiuit, 
BatrachoatomuB  •eptlmus  Tweed. 

A  pair  of  fro)?-mcmths  taken  Mareb   1   are  in  i>erfeet  riifniig  plum 
specimens  agree  fairly  weil  witli  the  desciiption  of  the  al>ove  f;peeies. 

ivas  seen  in  its  usual   numbers. 


Ceyx  mindanensis  Steere. 

A  number  of  specimens  of  tliia 
Ceyx  bournsi  Steere. 

Several  specimens  taken. 


Halcyon  winchelli  Sharpe. 
Fairly  abundant. 


Hydrocorax  mindanensis   (Tweed.). 

Several  specimens  Bocured. 
Penelopides  basilanlca  Steere, 

Abundant. 


Lyncornjs  macrotls  (Vig  ) 

A  male  fruin  Basilan  ean  be  almost  exact)}  matched  by  birds  from  I  uzon 
and  Mindoro  Thi<4  species  seems  to  be  somewhat  diihroniatic  and  in  the  -series 
of  fifteen  speeiraena  before  me  the  dark  brown  lieaded  form  is  the  Lommoner 
The  variation  from  this  ih  most  strongl(  marked  in  a  female  from  Lamao 
Bataan  Pronnce  Luzon  oollected  January  1  I'tOS  Ihe  forehead  and  top  of 
head  are  light  rustv  fiiUous  nith  fine  blackish  termieulations  and  the  blaik 
spots  on  vertex  are  much  reduced  in  size  the  ja»s  sides  of  fiee  ear  coverts 
and  Bupertilla  are  rufous  with  black  cross  linen  in  the  Lommoner  type  these 
parts  are  black  with  narrow  rufous  cross  tines  The  same  general  ondition 
extends  to  the  wings  and  coierts  namelj  an  increase  of  rufous  at  the  expense 
of  the  black  Th*  light  areaa  of  the  scapulars  whuh  are  normalb  white  or 
nearlv  white  are  fuhius  in  the  rufous  phaue  The  light  tailbais  are  more 
pronounced  and  are  nearlv  entire  across  the  nebs  instead  of  being  greatly  broken 
The  under  surface  of  the  body  is  similar  to  that  of  the  normal  t>(.e  evt-epl  tlit 
(ore  breast  which  is  more  strmgh   * ermii iilateil  with  rufous 


Macropteryx  major  Hartert. 
Two  specimens  secured. ' 
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ChKtura  sjiedes. 

A  lurge  3wift,  presunietily  V.  cetebensia,  wiks  frequently  swii. 
Pyrotrogon  ardens   (Teiniii.)- 

Spwimena   from  Baailsn  have  much   laiger  bills  than  sped  in  ens  fruiu   La7xin 
biit  tlie  colors  are  exactly  nimilar. 
SurnlculuE  velutlnus  Kliarpe. 

Three  males  obtained  in  January  and  Februury, 
Cuculus  canorus  Linn. 

A  male  in  good  plumage  was  killeil  l>eceniber  il  \  this  species  is  new  to  tlie 
Basilan  list 

Cacomantia  merullnua  (Scop.). 

Fairly  abundant. 
Chalcococcyx  xanthorhynohua  (Horgf.). 

An  adult  male  was  taken  January  »;  both  this  and  the  fiillowing  species  are 
unrecorded  from  Basilan. 
Chalcococcyx  malayanui  (Rafll.). 

An  immature  male  was  taken  December  26;  length  6,9  inches;  iridea  and 
eyelids,  red;  bill  and  feet,  black.  A  female  taken  December  31  has  throat,  breast, 
and  sides  of  neck  heavily  ivaahed  with  ruaty-brown;  length  B,3  inches;  irides, 
red;  bill,  black;  base  of  bill,  dark  red;  feet,  dark  green. 


CentropuB  melanopa  Less, 

Tbe   black  eyed  cuckoo  occurs  in   some  abundance  in   Basilan;   there   is  eon' 
siderable  variatiun  in  the  size  of  bill  in  this  species,  but  it  ia  purely  individual. 
Biids  from  Bnsilnn  and  nnhol  do  not  differ  in  coloration. 
Thriponax  multilunatus  ap.  nov. 

Sped/ic  cAumclers.— Similar  to  Thtiiionax  jafensif  but  the  white  linea  on 
throat  wider  and  feathers  of  fore-breast  narrowly  edged  with  pale-fiiwn  or 
buffy-white,  forming  oreseentic  marks,  this  approaching  T.  peetoratta. 

1'yp^- — No.  6171,  (J,  Bureau  of  Science  Collection;  laabela,  laland  of  Basilan, 
P.  I,,  December  28,  1!>06:  R.  C  McGregor  and  A.  Celestino. 

DeacTxpHon  of  type. — Forehead,  crown,  crest,  and  malar  atripe  briglit-erirason, 
the  featheia  withish  at  base;  nasal  plumes,  blapklsh:  lores  and  a  wide  trans- 
ot-ular  band  black;  rest  of  upper  parts,  wings,  and  tail,  black;  second,  third,  and 
fourth  ptimariea  with  a  white  spot  at  bace  of  inner  web;  third  to  seventh 
primaries  with  a  white  spot  at  tip  of  outer  web;  inner  seondaries  white  at 
base;  chin,  throat,  and  postauricular  area,  black,  each  feather  narrowly  margined 
with  whitish,  producing  a  striped  appearance;  breast,  black,  the  feathers  of  fore 
part  narrowly  bordered  with  huffy  producing  a  series  of  crescentic  light  marks; 
abdomen  and  aides,  ImfTy  white ;  thighs  black,  each  feather  widely  bordered  with 
light  bulT;  vent  and  tail-coverts,  black.  Length  in  flesh,  16..'i  inches;  wing,  8.25; 
tail.  6.55;  culmen   fiom  ba»e.   2.06;   tarsus,   1,16. 

Ten  specimens  from'  Basilan  differ  uniformly  from  Thriptmar  javensts  and 
maintain  the  spedtlc'  characters  assigned  above.  That  the  crescentic  breast 
marks  are  not  due  to  immaturity  is  evident  from  an  exaininati<m  of  yoimg 
specimens  of  T.  javenaia  from  Luzon  for  these  have  the  breast  entirely  black. 
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Yungipicus  fulvifasciatus  Hargitt. 

This  Htimll  wcxtdgieckcr  is  a  coinnioii  Kpecics  in  HnKilaii. 

ChryBocolaptcB  lucldus  (Scop.). 

Abundant, 
Sarcophanopa  ateerel  Sharpe. 

A  large  series  of  this  oiirioii-'  sptcits  nas  obtained  \  imle  and  ■>  fpiimle 
taken  January  23  and  Msrcli  1  respectively  are  iminature  and  diller  from  the 
adult  as  follows:  Throaty  white  the  black  cunlined  to  clitn  and  sides  of  throat 
except  a  few  black  feathers;  under  tailco\eitB  tinged  uith  broun  top  of  head 
blackish,  forehead,  washed  witli  vel1o«  some  of  flie  adult  feathers  present  bick 
and  wing-coverts,  dark  slate-gra>  mdelv  edged  with  olivegreen  yellow  ki»^ 
bar  paler,  the  white  portion  washed  with  buff  the  \oung  male  differs  from  the 
young  female  in  having  a  few  jtale  la\ender  feathers  on  throat  and  breaat 
Pitta  fastosa  sp.  nov. 

Specific  ckaraclers.^BitniXar  to  Pitlii  motuiceiit^  P  I  '^  Milllei  !  it  leiti  il 
stripe  black  not  dark  brown. 

Type. — No.  ll,BftO,  9,  Bureau  of  'Science  Collection     Island  of  Ua^ilan    P    1 
February  9,  1907;  Celcstino  and  Canton 

Description  of  type. — Sides  of  head  including  loies  cheek*!  superoilla  aid 
ear-coverta  black  connected  by  wide  black  collar  wide  lei-tical  stripe  black 
tiordered  on  each  side  by  a  wide  stripe  of  fnhoiis  brown  the  featheis  Sdged  with 
pale-bulT  on  exterior  webs;  back  scapulars  and  teitiaries  dark  green  lUmp 
upper  tail-coverts,  and  lesser  wingcoierti  bright  ultrnmanne  blue  chin  black 
throat,  white;  lower  throat,  breast  abdomen  and  fliuks  ruddy  buff  most  intense 
on  breast;  vent,  under  tait-coverti  and  middle  of  abdomen  blight  red  tail  black 
tipped  with  dull-blue,  primaries  black  each  feitber  with  a  white  jMitch  mesial 
and  smallest  on  first,  reaching  tip  on  seventh  secondaries  black  edged  with 
dull  blue  on  terminal  half;  alula  primarj  cuierts  atillaries  and  wing  lining 
black.  Length  in  flesh,  "T.-'i"  inches  wing  4  65  tail  158  eulmen  frmn  base 
1.10;  bill  from  nostril,  0  72;  tarsus    144 

The  type  and  onl3-  s|)eci:iifn   waa  secured   neni   fhf   town  of  Isabeh      Oatea 
states  that  Pitta  mohiccensis   is  found  id  the  Pbilippines  but   Walden'  makes 
no  remarks  on  the  species  in  his  review  of  Philippine  ornithology  and  none  of  tl « 
more  recent  collectors  has  taken  it. 
Pitta  erythrogaster  Temm, 

A  young  male  was  taken  March  7. 
Pitta  atrlcapilla  Les><on 

Several  specimens 


J  the  Rasilan  I 


CyorniB  phillppinenBlG  Sharpe. 

\  female  was  piescrnd 
Muaclcapula  baslianica  (Shaipe). 

One  female  speciniin 
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Hypothymis  occipitafis  (Vig.). 
A  male  in  fine  plumage  waa  taken  January    10;  numerous  other  inilividuals 

HypothymiB  superelllaria  Sliarpe. 

This  s])(;cies  ivas  fairly  nbvindfint  iind  several  spfciiiiens  were  taken. 
Cyanomyias  coctestiB  (Tweed.). 

yaiily  abundant  and  usually  found  !n  coin|mnj  witli  tlie  last  two  species.  In 
a  male  taken  February  2  the  lonfjest  erest  fenthers  Jiieanure  1.5  inches.  Tlie  male 
taken  by  me  near  Mariveles,  T,iizon,  difTeis  in  no  wily  froni  Bosilan  spepiniens. 

Rhipldura  nigrltorquis  \  ig 

ZeocephuB  cinnamomeut  Sharpe 

Thia  rate  appears  to  differ  very  little  from  Zeocephua  tufua  but  fullv  adutt 
milmduals  are  believed  tt  be  qnit«  iliitinguiBhabI  T  will  heie  tranariibe  per 
tment  M**  notes  lij  Hoicester  and  Bourns  We  ha\e  sonLp  suggestions  to 
olTer  after  looking  o\er  our  series  of  tlnrtv  one  speciniena  frotii  T  u^on  Mindoro 
Panay  Negroid  Cebn  Banilaii  Sulii  and  ia.ni  'Hiwi  The  iniiuature  birds  of 
7  Tufus  have  the  white  belly  and  general  coloring  of  7  oinnamomeHS  They  are 
not  to  be  liBtmgiiiBlied  from  birds  of  the  latter  species  Second  out  of  fifteen 
specimens  fioni  the  sontli  Eleven  do  not  sho«  n  trare  of  white  on  the  belly  and 
are  of  a  uniform  deep  iiifoiH  eolor  Third  we  have  a  male  bird  lo  breeding 
plumage  from  Cebu  nhieli  i«  indistinguishable  so  fai  na  shade  of  rufous  is  con 
eerned  from  Basilan  birds  fhe  confii!iion  between  the  two  species  is  thus  readily 
iiiiderBtood  \re  they  then  distinct'  \Ve  think  thej  are  foi  the  following 
reasons  The  avenge  fnllv  adult  bud  from  the  noithein  islands  is  lei-y  much 
darker  m  n  lor  tlinn  the  darkest  of  the  southern  bii  is  The  northern  birds 
bate  the  tail  miuh  n  oie  ^tiongh  giaduited  tl  an  that  of  the  birds  from  the  south 
None  of  our  speoimena  frtni  the  south  show  anv  special  elongation  of  the 
(entral  tail  feathers  The  northern  birds  in  good  plumage  all  ha\e  the  central 
tail  feathers  decidedly  elongated  In  one  specimen  tioni  Tablas  and  another  from 
"iibuyan  the  central  tail  feathers  eiLceed  the  lest  b>  full  three  inches  Other 
birds  collected  at  the  same  time  and  plate  do  not  hIiow  nearly  so  strong  a 
development  of  these  feathers  hut  the  fact  remains  that  nothing  even  approaching 
it  la  slioun  bv  our  specimens  from  the  south 

The  dark  tips  of  the  tall  feathers  deseiibed  by  Dr  *iharpe  aa  characteristic  of 
£   nimamomeus  aie  simple  a  sign  of  immaturity   as  is  the  white  of  the  belli 

Zeocephua  rvfuf  then  inhabits  the  northern  and  cential  Philippines  and  is 
to  be  distinguished  from  Z  ctnnomomeas  ]n  its  darket  color  when  fully  adult 
and  bv  its  more  stronglj  graduated  tail  «hieb  his  tJie  central  tail  feathers  it 
least  three  inches  longer  than  the  others  when  the  birds  are  in  perfect  plumage 
k  male  from  Sibuyan  ivith  elongated  central  tail  feathera  measures  11  S5  tnchea 
in  length     tail    6  ffl 

I  may  add  that  a  male  collected  by  me  in  ^ibuvan  Tune  28  11104  was  12 
inches  m  total  length  and  the  tail  measures  7  45  the  centra!  feathera  exceeding 
the  others  by    "i  18 


t  dilfer  from  a,  female  taken  i 


Rhinomyias  ruficau 
Fairly  abundant  i: 
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Artamidei  koehl  Kutter 

^n  abundant  ^ipeeipa      In  some  fern  lie  ikin-f  tlic  llac  k  I  ar-i  of  unilor  tail -cove  its 
are  almost  entirph  wanting      SpeLimeiia  fr  in  B  liol  jnd  fr  int  Basiian  aie  speti- 
fieally  identical  and  differ  in  no  «al 
EdolllBoma   mindanenae    ITweed) 

Numerous  HpecimenB  from  Baailan  agrei  witli  the  destiiptioii  of  the  tjpe  from 
Mindanao  and  are  doubtlemt  identit-al  uith  the  above  speeiea  Birds  in  ^ounj 
banded  plumage  were  taken  January  12  and  11  and  March  T  Edotitsoma  elasum 
la  found  to  be  quite  dltitinct  fiom  this  species  in  the  male  of  A  mindonmse 
the  rump  and  upper  tail  oo verts  are  palegrav  the  oo\erti  tipped  witii  «hitc 
while  In  the  male  of  elu«uni  the  hack  rump  and  tall  eoterta  aie  uniform  The 
females  of  the  two  species  differ  in  the  same  wa>  and  in  addition  the  female  i  f 
mindanenae  has  the  abdomen  and  under  tail  (oierts  very  palegraj  almost  uhite 
while  m  the  female  of  fluaum  the  under  parts  are  uniform  slate  grai 
PerlcrocotuB  cinereus  Lafr 

TVo  specimens  of  the  aahv  minuet  were  oetured  February  IS  thii  ap|ieara  li 
he  the  most  soiithem  point  in  the  Philipjines  from  which  the  spttiis  i«  knrWn 
Lalage   niger    |Fornt«r) 

Fairb  eoramon 
Irena  melanochlamye  Sharpe 

This  species  was  ler*  abundant  in  Basilan  and  was  more  often  killed  in 
small  trees  near  cultnated  land  than  in  forest  The  figure  which  accompanies  the 
original  description'  represents  ier>  poorh  the  coloration  of  lower  parts.  In 
the  plate  the  line  between  black  and  blue  of  fore  breast  is  altogether  too  sharpely 
iefined  and  the  blue  is  tar  too  light 
iole  ruflgularia  (Sharpe). 

This  distinct  species  of  fruit-thrush  is  abundant  and  does  not  differ  in  habits 
from  its  relative  found  in  Luzon. 
PoNolophua  urostictue  (Salvad.). 

I  am  inclined  to  think  that  St*ere'9  name  Folivtopkus  basilanicu/i  may  have  to 
be  recognized  for  the  bird  inhabiting  Basilaii.     The  bill  is  noticeable  longer  and 
the  white   spots  of   rectrices  occupy  more  apace  in   Basilan   specimens   than   in. 
others  from  LiiKon.     The  species  is  fairly  abundant  in  tlie  forest  near  Isabela. 
Pycnonotus  golavfer  (Rcop.). 

Very  abundant. 
Ptilocichia  basilanica  Kteere. 

The  length   of   tarsus    (.11)    given   in   the   original   description*   is   clearly   a 
misprint  for  1.11  inches. 
ZoBterorn  is  capita  Ms  (Tweed.). 

Three  specimens  taken  during  February  and  March. 
Macronua  atriaticeps  Sharpe. 

Abundant. 
Copaychua  mindanensis  (Gm.). 


'Trans.  Linn.  SvC.  Ser.  2  Zool.   1,  334. 
'  Steere:   List  birds  and  mammals  Steere  Kxp.,  Ann  Arbor  (  U 


Hosted  by  Google 


BIRDS   PROM   THE   ISLAND   OF  BASILAN.  203 

LocuBleria  ochotentia  (Midd.). 

A  male  taken  January  2.     The  species  wai  abundant  on  flooded  rice  land  and 
has  not  been  recorded  from  Basilao. 
Orthotomus  mearnii  sp.  nov, 

OrlkotomuB  fronlalis  Shabpe,  Trans.  Linn.  Soo.  2d  ser,  Zool.  (1877),  B,  336-37 
(pt.)  ;  TwEEDDALE,  Proo.  Zool.  Soc.  (1879),  72,  McGbboob  ahd  Wobcesteb,  Hand- 
List  (1906),  88  (pt.). 

Specific  characters.— SiraWaT  to  Orthotomus  frontalis  Sharpe  but  ehestmit  of 
forehead  extending  on  crown  to  or  nearly  fo  posterior  margin  of  eyes,  not  ending 
abruptly;  the  whole  crown  and  nape  slightly  suSuaed  with  chestnut;  behind 
eye  the  chestnut  pxt^-nds  over  aide  of  nape;  the  crown  never  clmr  gray  aa  in 
0.  fronlalis, 

Type.~No.  6<H3,  J,  Bureau  ot  Science  Collection;  Isabela.  Basifan.  P.  I.; 
Dpcember  16.  1908;  R.  C.  McGregor  and  A.  Celestino. 

Deseriplion  of  type, — ^Forehead,  lores,  and  ring  around  eye  chestnut,  this  color 
extending  on  crown  to  about  opposite  center  of  eye  and  then  gradually  fading, 
becominft  merely  a  wash  on  occiput  and  neck;  from  behind  eye  the  chestnut  extends 
backward  a  little  stronger  than  on  back  of  head;  rest  of  upper  parts,  including 
wings  light  olive-green;  rectrices  with  light  edges  and  wide,  dusky  tips;  under 
parts  white  with  more  oT  less  of  the  gray  bases  of  feathers  showing  on  throat  and 
breast;  flanks,  pale  greenish -yellow;  thighs,  chestnut.  Total  length  in  flesh.  4.6 
inches;  wing,  1.84;  tail,  1.74;  tarnus,  0.84. 

Female, — The  female  does  not  differ  from  the  male. 

This  species  which  is  quite  distinct,  has  been  confused  v/ith  O.  frontalis,  the 
error  having  originated  with  Sharpe  who  apparently  had  one  male  from  Zamboan- 
ga,  Mindanao,  and  two  males  from  Basilan :  the  latter  were  supposed  to  be  young 
birds.  In  the  paper  cited,  Sharpe  says;  "The  two  young  specimens  seen  to  me 
to  belong  to  the  same  species  as  the  adult  male;  but  this  is  by  no  means  certain; 
for  in  one  specimen  I  can  detect  a  slight  rufous  shade  on  the  sides  of  the  crown, 
the  adult  O,  frontalis  of  course  not  having  this  colouring." 

Tweeddole  also  remorked  the  same  difference  and  ascribed  it  to  individual 
variation.  He  says:  "The  amount  of  rufous  on  the  head  of  this  species  varies 
considerably  in  different  individuals.  In  some  it  occupies  the  whole  forehead 
and  extends  back  to  the  vertex,  and  also  colours  the  ear-coverta  and  a  brood 
space  below  the  eyes," 

For  comparison   with   Basilan   birds   I   have   had   two   examples   collected   by 
Meama  near  Zamboanjta  and   three  collecl*d  by   Clemens  near   Camp  Keithley, 
Lake  Lanao,  Mindanao.     The  large  series  collected  by  us  in  Bohol  are  identical 
with  specimens  from  Mindanao. 
Orthotomus  cinereiceps  Sharpe. 

Fairly  abundant.     Specimens  occur  with  different  amounts  of  white  on  chin 
and  throat  and  I  lielieve  this  is  a  .sign  of  inniiaturity.  the  old  birds  having  chin 
and  throat  pure  black. 
AcanthopneuBte  borealis  (Bias.). 

A  male  was  taken  December  24  ai 
this  species  in  Basilan  appears  to  hat 
Artamua  leucorhynchus  (Linn.). 

Fairly  abundant. 
Otomeia  lucionenaii   (Ltnn.). 
A  few  examples  seen. 
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Hylolerpe  apoensis  Mearnu 

The  thick  head  of  Basriaa  appears  to  belong  to  this  apeciea. 
CalDsitta  lllacea   (\^hitch«ad) 

This  fine  species  13  eaailj  recognized  aa  pointed  out  bj  Grant,'  by  the  featlierB 
of  the  face  and  earcoierts  being  lilac  instead  of  blue.  The  white  loral  spot 
is  washed  with  lilac  and  there  is  a  distinct  nuchal  band  of  the  aame  color.  A 
specimen  of  C  (Fnoc/ilomus  from  Cebu  has  a  heavier  violet  wash  on  lower  parts 
than  specimens  from  Batatin  Province,  Luzon, 
RhabdorntB  minor  <.  rant 

A  number  of  specimeni  secured. 
Zosterops  basllanica  ''tpere 

The  Bi-ilan  sihrreje  was  rarely  observed  and  but  few  specimens  were  taken. 
Dicseum  papuense  (Tm  ) 

Two  miles  taken 
Dicaeum  hypoleucum  '•harpe 

A  number  of  ipecimena  killel  from  flower  trees. 
PHonochilus  olivaceus  Tweed 

Specimen''  from  Bohol  and  fi   ni  Basilan  seem  to  be  speeilicallj-  the  same. 
Eudrepanls  pulcherrima   IShirpe), 

A  few   specimeni  e  llected 


Arachnothera  ftammlfefa  Tweed. 

Specimens   from   Bohol   have  bills   considerably  shorter   than   ape 
Basilan,  but  tlie  coloration  doea  not  diiTer. 
Anthreptea  chlorlgaster  Sharpe. 

A  male  was  taken  January  10. 
Budylea  leucostriatuG  Horn. 

A  male  in  winter  plumage  was  taken  January  2.     The  species  i 
from  Basilan. 


inthuG  gustavi  Swinh. 
One  specimen  waa  killed  0 


Oriolus  ateerei  Sharpe. 

The  small  forest  oriole  of  Basilan  was  very  abundant  near  Isabela  and  a  good 
series  was  collected, 

'Grant:   lbi$  (1906|,  6,  474, 
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Dicrurus  atrlatus  Tweed. 

This  spepiea  was  very  abundant  near  Isabela.  A  female  taken  Ja,nuary  15 
differs  from  the  usual  apecimens  in  having  feathers  of  lower  breast  and  abdomen 
tipped  with  gray.  A  pensile  nest  of  this  apeeipB  found  March  12  is  composed  of 
plant  fibers.  Its  inside  diameter  is  3  inches  and  its  in-ide  depth  is  2  inches. 
The  three  eggs  are  light  cream,  almost  white,  in  color  decorated  with  faint  spots 
of  pale  lilac  and  brighter  spots  of  reddish  brown,  mostly  near  the  larger  end  of 
the  egg.  The  eggs  measure:  1.14  by  0.78;  1.15  by  0.75;  1.16  by  0.77. 
Sarcops  melanonotus  Grant. 

Abundant. 
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DESCRIPTIONS  OF  FOUR  NEW  PHILIPPINE  BIRDS. 
By  RicHABD  C.  McGregor. 


Turnlx  celeatlnol  ap  nov 

Specific  characters —itiiDilaT  to  Tarmai  iBhtteheadi  but  larger,  bill  longer  and 
heavier,  wing  and  taratta  long^,  coloration  daiker 

Type — No  5408,  cf,  Bureau  of  iSeienoe  Collectum,  Guindulman,  Bohol  Island, 
P.  I  ,  collected  June  22,  1900  hj  McGregor,  Lelestino  and  Canton 

Descnptton  of  (ype^Above,  ground  color  black,  feathers  of  head  narrowlj 
edged  with  dull  buff,  paler  on  forebead,  a  nSirrou,  median  line  of  pale  hutf  from 
forehead  to  nape,  bind  neck,  mantle,  rump,  and  tail  ca\erts  with  wavy  broken 
cross  lines  of  dark  rusty  buff,  obsolete  on  neck  lores  and  side  of  head,  light  buff 
with  small  black  tips  to  feathers,  a  patch  on  each  -(ide  of  neck  pale  vinaceous 
bulf  with  narruH,  black  cross  lines,  chin  and  throat,  white  each  feather  with 
narrow  buff  tip  middle  of  abdomen,  white,  rest  of  lo«er  parts  ruity  buff,  a 
trifle  lighter  than  in  T  iporcesten,  sides  of  breast  marked  with  a  »ide,  black 
bar  on  each  feather,  primaries,  secondaries,  primary  coders,  and  alula,  slate,  first 
primary  and  first  feather  of  alula  edged  exteriorly  with  ocherous  buff,  secondary 
coverts  and  tertials  with  wide  edges  of  ocherous  buff  preceded  b\  large,  black 
spots  or  bars,  »ing  lining  and  axiJIaries,  slate,  tail,  bluish  slate  and  hidden  by  the 
long  coverts  Total  length  5  0  inches,  wing.  2  58,  tail,  0  70,  exposed  culmen, 
0.45;  depth  of  bill  at  angle  of  gonys,  O.IC;  tarsus,  0.78;  middle  toe  with  claw,  0.74, 

Zoaterornis  affinia  sp   no\ 

Zoalerotnis  nigrocaj/itatas  McCbegob  Pubiicad  ns  of  the  Bureau  of  toiein 
ment  Laboratories   Manila  (1905)    No   34    29 

SpenfiO  claraclcrs — Similar  to  Zoslerornis  n*gro<iapitata  (&teere)  but  slightly 
larger  chestnut  of  chin  and  upper  throat  diffused  and  not  forming  a  patch  on 
each  side 

Type — No  10260  ^  Bureau  of  Science  L<  Ueetion  I  amao  Bataan  Province 
Island  of  Luzon   P   I     collected  December  1    1904  by  relestino  and  Canton 

Deseriplion  of  tjipe —Forehead  and  cr  wn  blick  the  shafts  bscurel^  whitiih 
a  small  patch  f  chestnut  behind  each  eie  next  to  the  black  crovm  general  coloi 
above  dull  oliiegray  feathers  of  neck  and  mantle  with  conspicuous  narrow 
whitish  shaft  lines  rump  uniform  a  narrow  ring  around  eye  ear  coverts  and 
cheeks  gray  with  pale-jellow  shaft  lines  chin  throat  and  fore  breast  pale 
lemon  yellow  the  chin  heavilj  washed  with  chestnut  rufous  which  betimes  grad 
ualU  less  on  throat  and  disappears  on  breast  middle  of  breist  and  abdomen 
lerj  pale  >e1Iou  their  sides  gray  lerlaid  with  a  faint  vellow  wash  under  tail 
coverts  pale  yellow  wings  blackish  brown  <uter  edges  of  quills  lighter  and  inner 
edges  whitish  median  and  lesser  coierts  with  light  shaft  lines  upper  tail  coverts 
dull  olive  brown    rectriees   dark  brown   except  the  outer  feather   their  outer  webs 
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edged  with  olive-brown,  all  but  the  center  pair  tipped  with  white,  increaaing  in 
extent  towards  the  outermost  feather  which  hae  ita  outer  web  almost  entirely 
white.  "Length,  6.00  inches;"  wing,  2.70;  tail,  2.40;  exposed  culmen,  0.68;  bill 
from  front  margin  of  nostril,  0.41 ;  tarsus,  0.78. 

The  exact  type  locality  of  Partis  elegans  Lesson  is  unknown,  but  it  is 
fair  to  assume  that  specimens  ironi  Luzon  represent  this  species.  Speci- 
men No.  453  <?,  Bureau  of  Science  Collection;  Mariveles,  Bataan  Prov- 
ince, Luzon ;  February  18,  1902 ;  McGregor  and  Celestino,  is  here  used 
as  a  basis  for  comparison.  It  may  briefly  be  described  as  follows : 
Pardaliparus  elegans  (Lceson). 

Head  above,  neck,  cheecks,  chin,  throat,  and  fore  breast  glossy-black;  space 
below  e^,  ear  coverts,  sides  of  neck,  a  large  Irrc^lar  spot  on  hind  neok,  braut, 
abdomen,  under  tail-coverts,  and  thighs  lemon -y  el  tow ;  flanks  lightly  washed  with 
greeniah-yellow ;  mantle  with  large  spots  of  black,  yellow,  and  white;  lower  back 
and  rump  olive-green;  upper  tail-coverts  and  reetrices  black,  the  latter  with 
white  tips  and  two  or  tliree  outer  pair,  with  a  white  spot  in  middle  of  outer 
web;  wings  black;  median  and  greater  coverts  and  secondaries  with  large,  white 
tips;  small  white  spots  on  alula;  outer  webs  of  primaries  narrowly  edged  with 
white  or  pale  olive-green;  qnilla  edged  with  white  on  inner  web;  under  wing 
coverts  white,  edged  with  yellow  and  mitttlcd  with  blackish;  irides  and  bill  black; 
feet  and  nails  plumbeous.  Length  in  flesh,  4.75  inches;  wing,  2.68;  tail,  1.66; 
exposed  culmen,  0.38;  tarsus,  0,75. 
PardaMparua  albescens  sp.  nov. 

Parus  elegans  McGhegob,  Bull.  Philippine  Mus.  (1903),  1, 'U  (Ticao  and 
Masbate ) . 

Pardaliparus  elegans  McGbeimb  and  Wobcbsteb,  Publications  of  the  Bureau 
of  Government  Laboratories   (lOOli),  36,  S4  (part). 

Specific  characters. — Similar  to  P,  elegaTts  Lesson,  but  little  or  no  olive-green 
on  upper  parts  and  the  white  much  more  extensive,  to  a  large  extent  replacing  the 
black. 

Tj/pe.— No.  1000  c?  adult.  Bureau  of  Science  Collection;  Ticao  Island,  P.  1.; 
May  9.  1902;  R.  C.  McGregor  and  A.  Celestino,  collectors.  Total  length  in  flesh, 
4.37  inches;  wing,  2,53;  tail,  1.55;  exposed  culmen.  0.38;  tarsus,  0.72.  Irtdes 
dark;  bill  black;  legs  and  nails  lead-color. 

Remarks. — Gadow '  observes  that:  "Immature  birds  and  females  have  the  bock 
more  yellow  and  olive-grey,  the  white  spots  and  the  white  wash  getting  more 
pronounced  in  old  birds,  sometimes  giving  the  back  a  nearly  white  appearance." 
While  this  is  true,  the  characters  assigned  to  the  present  species  are  believed  to 
be  quite  independent  of  age  and  season.  Adults  from  Masbate  and  Ticao  agree 
in  having  these  characters,  while  not  one  in  a  large  series  from  Luzon  shows 
them,  it  may  be  added  that  the  wearing  away  of  the  tips  of  the  dorsal  feathers 
produces  a  considerable  difference  in  the  bird's  appearance  and  in  birds  with 
worn  plumage  the  yellow  liead  band,  the  breast,  and  the  abdomen  become  much 
paler  in  color  than  in  freshly  moulted  birds.  Excluding  young  birds,  I  have  before 
rae  two  skins  from  Ttcao.  three  from  Masbate,  three  from  Mariveles,  Luzon  and 
19  from  Baguio.  Benguet,  Luzon.  For  a  large  part  of  the  Benguet  series  I  am 
indebted  tfl  Dr.  E.  A.  Mearns. 

'Gadow:  Cat.  B<U.   (1883),  8,  23. 
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PardaliparuB  edithae  «p    noi 

Fardahpnrvs  el'-gans  M<^f  BEOOB   Bull    Philippine  M«=    (1904)    4    27 

SpfCific  characters — Size  ■ind  oolor  pattern  as  m  P  flegans  from  which  it  is 
most  easily  distinguished  bj  the  reduction  of  the  white  spots  on  wing  eflverts 
and  the  general  paler  yellow  particularly  of  the  light  band  n  side  nf  head  and 
neck  which  is  nearly  pure  white 

Typf — No  3475  (f  Bureau  of  Science  CoUecficn  Calajan  Island  Babuyan 
Group   P  I      collected  Octrber  5    1903  by  McGregor  and  Celestino 

Defcnpiton  of  type  ^Top  of  head  sides  of  neck  and  mantle  glosaj  blue  black 
an  irregular  «hitc  patth  in  center  of  nape  a  number  of  large  white  spots  on 
mantle  back  and  rump  gray  washed  with  olivaceous  upper  tail  coverts  glossy 
black  chin  throat  and  fore  breast  dead  black  forming  a  large  triangular  patch 
bounded  above  by  a  broad  band  ot  white  slightly  «aahed  with  yellow  wbith 
extends  under  Pve  across  ear  coverts  onto  side  of  neck  rest  of  lower  parts  palp 
lemon  yellow  washed  with  olivaceous  on  sides  on  neck  and  abdomen  and  on  flanks 
wings  glossj  black  primariea  narrowly  edged  with  grav  on  their  outer  webs 
and  with  white  on  the  inner  greater  and  median  coverts  with  white  spots  at  tips 
(much  xmaller  than  in  P  eleqani  and  nut  forming  bands  aa  m  that  apeciefi) 
secondaries  tipped  with  white  tail  black  with  white  markings  as  in  P  elegans 
but  the  white  tips  much  smaller  than  in  the  latter  species  Bill  black  except 
baaaJ  third  which  is  whitish,  lega  dull-blue,  naila  horn-brown.  Total  length, 
48  inches,  wing,  2.66;  tail,  1.70;  culmen  from  base,  0.4S;  bill  from  nostril,  0.39; 
tarsus,  0  72,  middle  toe  with  claw,  0.68. 
Pardaliparus  mindanensis   (Mearns). 

PardahparuB  elegans  mindanensis  Meaens,  Proc.  Biol-  Soc.  Wash.  (1905),  IS, 
S  (Mindanao).' 

This  species  is  the  smallest  among  the  Philippine  members  of  ita  genus;  it 
may  be  recognized  by  its  small  bill  and  the  dark  and  yellow  coloration  of  upper 
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THE  OCCURRENCE  OF  BLYTH'S  WATTLED  LAPWING  AND 
THE  SCAUP  DUCK  IN  THE  PHILIPPINE  ISLANDS. 


By  Richard  C.  McGbeoob. 


Through  the  interest  of  Dr.  lieon  Guerrero,  a  Filipino  naturalist  resid- 
ing in  Manila,  the  Bureau  of  Science  has  aquired  a  perfect  specimen  of 
Blyth's  wattled  lapwing,  Microsarcops  dnereus  (Blyth),'  which  repre- 
sents a  subfamily  of  birds  not  previously  known  to  occur  in  these  Islands. 
Sharpe  gives  the  range  of  this  species  as  "From  Oorea  and  the  southern 
Japanese  islands  to  Mongolia  and  northern  China,  wintering  in  southern 
China,  the  Indo-Burmese  countries,  and  northeastern  Bengal."  The 
species  may  prove  to  be  a  regular  winter  visitant  to  the  Philippines. 

The  present  speeimeu,  a  male  in  young  winter  plumage,  was  taken 
January  30,  1906,  near  Malabon,  a  short  distance  from  Manila.  The 
specimen  is  about  12.3  inches  in  length;  wing,  'J;  tail,  4;  tarsus,  3.9; 
culmen,  1.5.  This  bird  resembles  a  large  plover,  but  is  distinguished  by 
having  a  small  liind  toe,  a  short  and  blunt  wing  spur,  and  a  small,  fleshy 
wattle  or  lappet  between  the  eye  and  base  of  bill.  The  plumage  may  be 
described  as  follows : 

Upper  parte,  brown  with  a  slight  gloss,  the  feathers  with  dusky  shafts ; 
forehead  and  neck  a  trifle  lighter  and  grayer;  upper  tail  coverts  and 
tail,  white,  reetriees  with  a  subterminal  blackish  band  which  is  widest 
on  centra!  pair  and  absent  from  outermost  pair;  chin  whitish;  throat 
'and  sides  of  head  and  neck,  light  brown  with  whitish  streaks;  breast 
brown,  rest  of  under  parts,  white ;  wing  coverts,  brown  like  the  back  but 
a  little  paler,  median  coverts  with  narrow,  white  tips,  except  the  outer 
ones  which  are  pure  white;  greater  coverts,  nearly  entirely  white,  with 
brown  at  extreme  base,  increasing  in  extent  on  inner  ones;  alula  dark 
brown;  primary-coverts  and  quills,  black;  secondaries,  white,  the  inner 
one  externally  light  brown  and  the  innermost  brown  like  the  black. 
"'Basal  two-thirds  of  bill  deep  yellow,  the  terminal  third  black;  feet 
dull  yellow,  claws  black;  edges  of  eyelids  and  lappets  deep  yellow'  {E.  W. 
Oates) ." 

Through  the  courtesy  of  Mr,  W.  Parsons,  of  Manila,  I  am  permitted 
to  record  the  capture  of  a  male  scaup  duck,  Fuligula  marila  (Linn.),'  at 
Tanay,  Laguna  de  Bay,  Luzon,  in  November,  1906.  This  species  is 
unrecorded  from  the  Philippines,  although  found  as  a  winter  visitant  in 
China  and  Japan;  it  has  also  been  recorded  from  the  Liu  Kin  Islands.' 

'Sharpe:   Oat.  Bds.  {1886),  24,  133. 

'Salvador!:   Cat.  Bda.   (1806),  27,  355. 

'Stejneger:  Proc.  U.  3.  Sat.  Mm.,  Wash.  (1887),  10,  416. 
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NOTE  ON  A  BIRD  UNRECORDED  FROM  MINDANAO. 
By  Richard  C.  McGbeoob. 


Bhabdornis  inornata  Grant. 

S}]abdomis  inornatus  Gbakt,  Bull.  Brit.  Ornith.  Club  (IBM),  6,  18;  Ibis 
(1897),  3,  235  pi.  fi,  fig.  2. 

This  species  has  been  met  with  in  Samar  only,  where  Whitehead  took 
three  males,  the  female  to  the  present  time  remaining  unknown'.  In  a 
collection  recently  received  from  Chaplain  Joseph  Clemens,  United 
States  Army,  is  a  female  bird  e\idently  of  this  species.  It  agrees  quite 
closely  with  the  colored  plate  of  the  male  but  differs  in  having  top  of 
head  dull-brown  instead  of  dark-gray.  This  specimen  was  taken  near 
Camp  Keithley,  Lake  Lanao,  Mindanao,  on  May  3,  1907,  and  yields  the 
following  measurements:  Wing,  3.50  inches;  tail,  2.2fi ;  exposed  culmen, 
0.64;  tarsus,  0.80;  middle  toe  with  claw,  0.89. 
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NOTES  ON  SPECIMENS  OF  THE  MONKEY-EATING  EAGLE 
(PITHECOPHAGA  JEFFERYl  GRANT)  FROM 

MINDANAO  AND  LUZON. 


By  Richard  C.  McGbeoob. 


Through  thf  courtesy  of  Chaplain  Josfipli  Clemens  and  I^ieutenant 
Farrel  of  the  iitteentli  Infantry,  United  States  Army,  I  have  been 
able  to  examine  a  specimen  of  Pithecophaga  jejferyi,  taken  near  Camp 
Keithley,  Lake  Lanao,  Mindanao.  The  Specimen  was  purchased  from 
a  Moro  by  Lieutenant  Farrel  and  was  sent  by  him  to  the  Bureau  of 
Science.  Unfortunately,  several  of  the  primaries  on  each  wing  have 
been  clipped  and  the  cere  has  apparently  been  eaten  by  ants,  but  other- 
wise the  specimen  is  in  good  condition.  Its  sex  was  not  determined. 
Compared  with  the  one  in  the  Bureau  of  Science  collection,  which  was 
taken  in  Luzon,  the  present  specimen  is  found  to  differ  in  being  slightly 
larger  and  the  feathers  of  the  chin,  the  side  of  the  jaw,  and  of  the  malar 
region  have  distinct,  blackish  shaft  stripes. 

The  following  measurements  may  be  added:  Wing  (primaries  clip- 
ped), 23.75  inches;  tail,  18.35;  chord  of  culmen  without  cere,  about 
2.35;  depth  of  upper  mandible  at  nostril,  1.51;  width  of  upper  mandible 
where  cere  meets  tomium,  0.84;  tarsus,  6;  middle  toe  witli  claw,  4.60; 
hind  toe  with  claw  "i  54,  width  of  middle  tail  feather,  3.30. 

Later,  a  setond  more  perfect  fptcimen  was  received  from  Chaplain 
Clemens.  This  specimen,  a  male,  wa'.  taken  near  Camp  Keithley,  Sep- 
tember 27,  190(j,  and  }ields  the  following  measurementa :  Wing,  24.80; 
tail,  18.75;  chord  of  eulnien  without  cere,  i  57  depth  of  upper  mandible 
at  nostril,  1.66 ,  width  of  upper  mandible  where  cere  meets  tomium,  0.80 ; 
tarsus,  4.63;  middle  toe  with  claw,  3.78;  hind  toe  with  claw,  3.32;  width 
of  middle  tail  feather,  3.30. 

On  May  11, 1907,  Mr.  H.  M.  Ickis,  geologist  in  the  Bureau  of  Science, 
kilted  a  specimen  of  the  monkey-eating  eagle  on  the  Agus  River,  in 
eastern  Eizal  Province,  Island  of  Luzon.  This  is,  I  believe,  the  first 
specimen  positively  known,  to  have  been  talien  in  Luzon.  The  head,  a 
wing,  and  a  foot  were  brought  to  Manila.  In  this  specimen  the  feathers 
of  the  chin  and  the  side  of  the  face  have  the  black  shaft  stripes  noted  in 
.  the  specimens  from  Mindanao.  Measurements  were  taken  from  the 
fragments  as  follows:  Wing,  33.35;  chord  of  culmen  without  cere,  3.45; 
depth  of  upper  mandible  at  nostril,  1.57 ;  width  of  upper  mandible  where 
cere  meets  tomium,  0.73;  tarsus,  4.5;  middle  toe  with  claw,  3.83;  hind 
toe  with  claw,  3.35. 
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NOTES  ON  BIRDS  COLLECTED  IN  CEBU. 
By  Richard  C.  McOregob. 

INTRODUCTION. 

Cebu  Island  is  o±  \er\  peculiar  om  tliDl  glL^l  interest,  this  interest  is 
so  great  not  onl\  because  of  tie  '.jecies  tack  ng  m  its  fauna  but  also 
because  of  those  liraittd  m  their  range  to  its  territory , 

Zoologically  Cebu  is  the  moat  anomalous  island  of  .the  Philippine 
Archipelago  The  greater  part  of  its  west  coast  g  nearly  parallel  with 
the  cast  coast  of  J\egrot  while  the  "louthern  po  nt  of  Cebu  is  within  4 
miles  of  the  Negros  ccast  \et  the  spec  et  of  biris  known  from  the  two 
islands  are  very  different 

Not  far  di  tant  and  southeast  of  Cebu  is  the  island  of  Bohol  ^  but 
the  birds  of  Cebu  and  Bohol  show  scarcely  any  relationship;  in  fact  these 
two  i&land   are  le^s  closeh  related  than  are  Lu7on  and  Basilan. 

Worcester  1  as  fully  discussed  the  fauna  of  C  ebu  and  has  shown  that 
while  it  contains  son  e  elementa  strongly  suggestive  of  a  close  relationship 
to  that  of  the  central  Philippines,'  the  island  m  reality  must  be  separated 
from  that  group. 

The  positive  evidence  of  the  necessity  for  separating  Cebu  from  the 
central  Philippines  consists  in  the  presence  of  the  following  species  which 
are  peculiar  to  Cebu : 

SPECIES   PEC  UL I  AH   TO   CEBU. 

Phapitreron  frontalis.  Chloropsis  favipennis.* 

Loriculus  chrysonotus.  Cittodncla  cebuensis. 

Oriolus  assimilis.  lole  monticola. 

Dicwum  pallidior.  Edoliisoma  cebuensis. 

Prionochilus  quadricolor.  AHamides  cebuensis. 
CryptoJopha  cebuensis. 

'The  town,  of  Cebu  and  Point  Corte,  the  nearest  point  in  Bohol  are  leas  thtn 
20  miles  apart,  with  Maetan,  Olango,  and  other  smaller  islands  between  them 
Further  south  Argao  in  Cebu  is  but  14  miles  from  the  Bcliol  coast 

'Proe.  U.  S.  Sal.  Mm.,  Wash.  (1897)  20,  579-580  Tor  an  account  of  the 
topography  and  geology  of  Cebu  see  Smith     TJi is  Journal  (1006),  1,  1043 

'The  Central  Philippines  comprise  the  islands  of  Negros,  Panay,  Guimaras, 
Bantayan,  Masbate,  and  Ticao. 

'Erroneously   recorded   from   Mindanao.     See   Worcester;  Piiblioationa   of   the 
Burean  of  Qovemment  Labordtoriea,  Manila  (ISOfi),  No.  36,  78  (footnote). 
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On  the  other  hand  we  find  that  the  genera  Chrysocolaptes  and  Ortho' 
totnus  and  the  families  Bucerotidw  and  Timeliidue,  all  conspicuously 
represented  In  Negros,  are  entirely  wanting  in  Cebu.     Worcester"  says: 

It  seems  to  me  evident  from  tlie  large  number  of  importfttit  forms  in  the  central 
Philippines  which  do  not  occur  in  Cebu,  and  from  those  in  Cebu  which  are  want- 
ing in  the  central  Philippines,  that  the  avifaunie  of  the  two  islands  were 
originally  very  distinct.  The  wonder  is  not  that  eight  species '  should  have  made 
their  way  in  one  direction  or  tlie  other  over  i  miles  of  sea,  but  rather  that  3* 
species  should  have  failed  to  cross  or,  having  iTOssed,  should  have  failed  to 
establish  themselves. 

The  collections  which  form  the  basis  of  the  present  paper  were  made 
by  the  author  and  assistants  at  Danao,  July  24  to  August  3,  190C;  at 
Toledo,  September  31  to  November  14,  Ii)Ofi;  and  at  Minglanilla,  Novem- 
ber 15  to  26,  190C, 

Danao  is  on  the  east  coast  some  30  miles  north  of  the  town  of  Cebu. 
Collecting  at  Danao  was  almost  useless  and  but  two  important  species, 
Accipiter  munUlensis  and  Tachornis  pallidior,  were  secured. 

Toledo,  on  the  west  coast,  was  reached  from  the  Island  of  Bantayau. 
It  was  at  this  point  that  Worcester  and  Bourns  did  their  most  important 
work  in  the  island.  We  found  that  a  large  part  of  what  was  level  forest 
land  sixteen  years  ago  is  now  sugar-cane  field.  The  larger  trees  have 
been  cut  and  the  little  forest  remaining  along  streams  and  on  steep  hill- 
sides is  rapidly  disappearing. 

Minglanilla  is  on  the  coast  a  short  distance  south  of  Cebu.  Collections 
of  water  birds  only  were  made  at  this  point. 

Of  the  114  species  collected  or  fully  identified  by  us,  24  appear  to  be 
unrecorded  from  Cebu,  making  &  total  of  149  bird  species  now  known 
from  Cebu, 

SPECIES   NOT   PREVIOUSLY  RECORDED   FROM    OEBU. 

Egretia  garzetta. 
A  ccipiter  gularis. 
Accipiter  manillensts. 
Ilaliaetus  leucogaster. 
Caprimulgus  griseatus. 
Caprimulgus  manUlensis. 
Salangana  wMteheadi. 
Tachomis  pallidior. 
Hirundo  guttuTolis. 
Hirundo  striolata* 
Budytes  leucostriaius. 
Anthus  gustavi. 


Amauromis  pkcei 
Arenaria  interpres. 
Squatarola  helvetica. 
Ochthodromus  geoffroyi. 
Ochthodromus  mongolus. 
^gialitis  peroni. 
.iEgialitis  alexandrvna. 
Numetiius  cyanopus. 
Terekia  cineria. 
Ancylochilus  subarquatus. 
Glottis  nehulariun. 
Limuola  platyrhyncha. 


'Proc.  U.  B.  fiat.  Mus.,  Wash.  (I8B7|,  20,  590, 

•These  eight  species  are:  Pkapitreron  nigrorum,  Alcyone  nigrirostria,  Xantko-  , 
/(Em*  Toseum,  Yungipicus  maculatua,  DicniTus  mirabilis,  JEthopyga  hotiita,  Mltho- 
pyga  magniflca,  ByMerpe  wdnohelU. 
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NOTES  ON  THE  SPKCIBS  OBSKHVED. 

GalluB  galtuB  (Linn.).  ' 

The  jungle  fowl  is  rare  in  Cebu;  it  was  aeen  in  the  vicinity  of  Toledo  where  a 
few  individuals  were  killed  and  a  very  young  chick  was  caught  in  Novemtxir. 
Oemotreron  axillaria  (Bp,), 

Rare;  only  one  obtained. 
Osmotreron  vernana  (Linn.). 

Rare;  only  one  killed. 
Phapitreron  nigrorum  Sharpe. 

,R«re;  one  specimen  front  forest  near  Toledo. 
Leucotreron  occipitaila  Bp. 

An  adult  male  from  vicinity  of  Toledo. 
Muscadivora  aenea   (Linn.). 

Feeding  in  very  tall  trees  near  Toledo,  making  its  capture  next  to  impossible. 
One  or  two  examples  killed. 
Streptopella  dusaumierl   (Temm.). 

Not   common;   a  female  killed   November   25   had  a   hard  aholled  egg  in   the 

Chaleophape  indica  (I     n  ) 

O      day  wl  I    I  tat 

b  ze  ged  d  It  tl  o 
t  fl  ff  n  gr  t  h  te  Th 
Hypotsen  d  a  to  quata   (L        > 

Op  f         lid 

Amaurornis  olivacea  (Meyen). 

An  adult  of  this  species  was  snared  by  a  native  boy  and  on  October  25  the 
same  boy  caught  a  downy  young  bird  probably  of  the  same  kind.  The  legs  ap- 
peared very  large  and  long  in  proportion  to  the  size  of  its  body.  The  bill  was 
black,  with  the  tip  whitish  ;  irides  and  legs  dark.brown ;  entire  plumage  coal-black ; 
nail  on  wing  prominent.  No  specimen  was  obtained  by  us. 
Amaurornis  phocnicura   (Forster). 

A  specimen  was  taken  at  Danao  but  tlie  spei-ies  was  not  observed  elsewhere  in 
the  island. 
Sterna  boreotis  (Bangs). 

Not  uneommon  off  aliore  near  Toledo  where  ii 
minute  fish.  One  example  killed  from  the  beach  oi 
Arenaria  interpres  (Linn.). 

The  tumstone  was   obtained-  at   Toledo   in   September  and   at  Minglanilla   in 
November. 

Squatarola  heivetrca  (Linn.). 

Three  specimens  in  winter  plviniage  taken  at  Minglanilla,  November  18  to  23. 

Charadrius  fulvuB  (Gm.). 

The  Eastern  golden  plover  was  found  in  small  numbers  at  Minglanilla.     Two 
from  Toledo,  September  28,  retain  many  black  feathers  on  breast  and  abdomen. 
Ochthodromus  geoffroyi   (Wagl.). 

Very  common  at  Minglanilla  in  November;  one  taken  nt  Toledo,  September  28. 
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Buuis  co^L^x;T^:l)  in  cehu.  .iOl 

Ochthodromus  mongoiua  (Fall.). 

Abundant  at  MinglnniHa  in  November. 

.iCgialitis  dubia  (^cop.). 

One  from  Minglanilla.  Ndi-ember  2H,  and  a  bird  in  iKliilt  pliiiiinge  from  Toleilo, 
Octobpr  24. 
^gialitls  peronF   (Bp.). 

One  from  Toledo,  September  29. 
^gialitis  alexandrina   (Linn.). 

Abundant  at  Toledo  and  Minglanilla. 
NumeniuB  cyanopus  Vieili. 

A  female  of  this  large  curlew  was  taken  at  Toledo,  November  II  and  a  male 
at  Minglanilla,  November  10. 
NumenluB  varlegatuB  (Scop,). 

This  smaller  curlew  was  not  uncommon  near  Toledo  and  a  specimen  was  taken 
at  Minglanilla,  November  20.     A  female  wai  taken  at  Danao,  August  1. 
Terekia  cinerea   (GUldenst.). 

This  curious  sandpiper  wan  met  with  in  considerable  numbers  on  the  tide  flat« 
near  Minglanilla  in  November.  At  or  near  high  water  the  species  was  fonnd, 
in  company  with  Heteractitis,  resting  among  the  roots  of  mangrove  trees  and  ftt 
such  a  time  it  was  no  uncommon  occiirrencp  to  kill  several  specimens  of  each  species 
at  one  shot.  As  tlie  rocky  flats  became  exposed  these  birds  scattered  to  feed  and 
became  more  diflleult  to  approaeb.  The  bill  of  tiie  female  is  much  longer  than 
that  of  the  mate,  but  the  plumage  is  similar  in  the  two  sexes.  In  a  male  taken 
November  20,  the  bill  was  black,  except  the  yellow  base,  legs  bright  orange-ehrome, 
and  nails  bWk.  Specimens  from  Minglanilla  agree  perfectly  with  the  description 
given  by  Oates,'  Instead  of  the  vernacular  names  "curlew  sadpiper"  and  "pigmy 
curlew"  quoted  by  Oates  as  being  applied  to  this  species,  godwit  sandpiper  would 
seem  more  appropriate  as  the  bill  of  Terehia  curves   upward  jiist  as   with  the 

AncylochlluB  Bubarquatua  (Gtlldenst.). 

The  only  specimen  of  this  stint  obtained  is  a  male  whieli  was  killed  from  among 
1  flock  of  Limoniles  at  Minglanilla,  November  17. 
Totanus  eurhinus   (Oberh.). 

A  male  and  female  of  the  redshank  from  Minglanilla  in  November. 
Heteractitis  brevipee  (V.). 

This  tatler  was  very  abundant  near  Minglanilla  and  specimens  are  mostly  in 
winter  plumage,  yet  a  few  show  traces  of  cross  bars  remaining  from  the  summer 

Actitia  hypoleucua  (Linn.). 

One  from  Minglanilla. 
RhyacophlluB  glareola  (Gm.). 

Noted  at  Danao. 
Glottis  nebulariuB  (Gunn.), 

Several  specimens  in  winter  plumage  from  Minglanilla.  In  a  male  taken 
November  20  the  bill  was  plumbeous,  darker  at  tip ;  legs,  drab,  more  bluish  at 
joints  and  more  yellowish  on  the  tarsi ;  claws,  black. 

'Birds  Brit.  Burmah  (1883),  2,  407. 


Hosted  by  Google 


302  M'GliECiOlt. 

Llmonltei  ruficollis  (Fall.). 

Very  abTindant  on  tide  flats  at  MinglaniUa  where  a  number  were  taken.  Pep- 
teniber  20  in  the  channel  between  Cebu  and  Negros  I  observed  40  to  50  small 
sandpipers  which  were  probably  of  this  apeeics.  They  were  in  flocks  of  from 
three  to  eight  and  apparently  migrating  southward.  Small  parties  often  lit  near 
our  boat,  rested  a  few  momenta  and  continued  their  fliglit. 
Limlcola  platyrhyncha   (Tenim,]. 

A  male  from  MinglaniUa,  November  2S,  is 
legs  black.     Tliis  sandpiper  has  not  been  previ 

Egretta  garzetta   (Linn.). 

A  male  from  Minglaiiilla,  November  17.  Legs,  black,  feet  and  lower  part  of 
tarsi,  green ish -yellow ;  bill,  black,  base  of  lower  mandible,  white;  irldes,  yellow; 
bare  akin  around  eyes  pale -yellow. 

A  female  from  MinglaniUa,  November  28.     Irides,  pale  atraw-yellow ;  bill,  yel- 
low, mottled  with  brown;  Jega,  green  with  patch  of  black  on  lower  tarsi;  skin 
around  eyes,  pale  green. 
Nyctlcorax  manillensis  Vig. 

A  specimen  of  the  Manila  night  heron  was  taken  on  the  liver  near  Toh'do. 
Butorides  amurensla   (Schrenck). 

If  this  variety  is  entitled  to  recognition  on  the  characters  of  larger  size  and 
coarser  and  atronger  bill,  then  a  specimen  taken  by  us  at  Toledo,  October  'i9,  must 
be  labelled  with  the  above  name. 
Bubulcus  coromandus   (Bodd.), 

A  large  Hock  of  this  common  species  scpn  in  a  mangrove  swamp  near  MinglaniUa 
where  one  specimen  was  taken. 
Acclpiter  gularts  (Temm.  &  8chl.). 

A  female  hawk  taken  at  Toledo,  October  27,  does  not  differ  from  specimens  from 
Calayan  which  I  refer  to  A.  gwlaris.     Length,  11.0  inchea;  wing,  7.80;  tail,  5.80; 
taraua,  1.66.     Irides,  cere,  and  legs  yellow;  bill  and  nails  black.     Stomach  con- 
tained bita  of  a  large  green  locust. 
Accipiter  n^anillensis  (Meyen). 

A  female  of  this  species  taken  near  Danao,  July  28,  had  a  nest  of  small  sticks 
on  a  horizontal  branch  of  a  tall  tree.  The  determined  efforts  of  the  parent  bird 
to  drive  me  from  the  neighborhood  indicated  that  the  nest  was  in  use.  It  was 
impossible  to  reach  the  nest  without  ropes  and  other  tackle.  Total  length  of  fresh 
specimen,  12.3  inches;  wing,  7.10;  tail,  5.30;  tarsus,  2.12.  Bill  horn  blue;  cere 
wasy  green;  irides  and  eyelids  chrome  yellow;  legs  greenish  yellow;  nails  blackish. 
Butastur  indicua  (Gm.). 

Occasionally  seen  and  heard  near  Toledo;  one  killed  was  very  fat. 
HallaiituB  leucogaeter   (Gm.), 

A  captive  of  this  species  was  seen  in  the  town  of  Cebu;  individuals  were  also 
seen  at  Toledo. 

Haliastur  intermedius  Gurney. 

This  species  ia  abundant.     On  Novenil>cr  ti  a  pair  were  observed  at  work  on  a 
nest  in  a  tall  tree  near  the  river. 
Ninox  Japonica   (Temm.  &  Schl.). 

A  specimen  was  taken. 
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Ninox  apllonota  Bourns  &  Worcester. 

A  nale  owl  from  Oro  in  the  mountains  back  of  Toledo  appears  at  first  aiglit  to 
represent  a,  species  very  distinct  from  .V.  spifonoia,  as  mueh  of  the  plumage  is  white, 
this  being  most  conspicuous  on  scapulars,  chin,  throat,  and  under  tail  coverts. 
In  dimensions,  however,  this  specimen  does  not  dilTer  greatly  from  a  male  taken 
in  Sibuyan  and  I  believe  tlint  the  Cebu  skin  is  ineiely  an  extremely  liglit  example  of 
the  above  species. 
Cacatua  htematuropygia  (P.  L.  S.  MQil,|. 

Not  very  abundant;  noted  at  Danao  and  Toledo. 
Prloniturus  discuruB  (VieJII.). 

Fairly  common  near  Toledo. 
Tanygnathus  luclonenslB   (Linn.). 

Rare. 
LorlculuB  chrysonotuc  Scl. 

While  at  Toledo  we  spent  considerable  time  hunting  in  coconut  groves  neiir  thi- 
beach  without  finding  a  single  lorikeet,  but  we  found  several  birds  of  this  specie* 
^feeding  at  a  few  coconut  trees  near  the  forest  and  killed  a  few  solitary  birds  in 
the  forest.  We  failed  altogether  to  get  adults.  The  following  notes  respecting 
this  species  are  from  a  manuscript  by  Worcester  and  BoTirns. 

"The  only  Loriculus  which  we  failed  to  find  abundantly  in  coconut  trei'S  where 
the  trees  themselves  were  accessible.  In  18RH  several  days  of  hard  work  in  the 
great  coconut  groves  near  Carmen,  Cebu,  brought  us  but  a  single  specimen.  In 
1893,  however,  we  found  it  quite  abundant  in  the  woods  near  Toledo.  It  ia 
possible  that  its  disappearance  from  the  coconut  groves  of  the  east  coast  is  due 
to  the  lack  of  suitable  breeding  ground  near  by.  The  foi-est  has  been  almost 
entirety  cleared  from  the  Island  and  the  little  which  remains  will  soon  be  gone." 


Alcedo  bengalensls  Briss. 

Obtained  along  the  rive 
oyone  was  not  once  seen. 
Ceyx  bournsi  Steere. 

One  specimen  obtained  n 


d.). 


Merops  americanus  P.  L.  S.  Miiller. 

One  specimen  of  the  bay-headi^  bee-bird  from  Toledo. 
Meropa  phillpplnus  Linn. 

A  male  from  Danao  July  25. 
Caprimuigus  griseatus  VVald. 

Abundant  on  the  beach  near  Toledo. 
Caprimuigus  manillenais  Wald. 

Lees  abundant  than  C.  griseatus  but  found  In  the  same  place  o 
A  specimen  was  killed  over  a  grassy  field  near  mangrove  awamp. 
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Safangana  whiteheadi   (Gruiit). 

A  male  from  Uanao,  July  27,  nmet  be  referred  to  this  species  as  tlie  t:iil  in 
forked  and  the  tarai  are  devoid  of  plumes. 
Salangana  troglodytes  Gray. 

Abundant    in    the    forest    near   Toledo.     One    specimen    preserved    is    slightly 
albinistie. 

Salangana  marginata  Salvad. 

A  male  from  Danoo,  July  2fi,  A  nesting  colony  was  found  rear  Toliido.  The 
nests  were  composed  of  sandy  mud  and  were  plastered  against  the  face  of  perpen- 
dicular cliffs  in  a  narrow  gorge.  A  few  birds  were  building  in  a  small  rocky  cave, 
some  twenty  nests  in  proeeas  of 
fggs  so  tar  aa  could  be  determined. 
Tachornis  pallidior  McGregor. 

At  Danao  the  paler  palm  swift  was  observed  in  small  numbers  over  or  near  the 
town  and  a  small  series  was  collected.     This  species  was  also  observed  feeding 
over  sugar  cane  fields  near  Toledo.     The  palm  swift  was  never  detected  near  forest 
where  flocks  of  Salangana  marffinata  and  H.  linohi  were  seen  almost  daily. 
Cacomantis  merolinus  (Scop.). 

One  from  Daiiao. 


Xantholiema  roaeum   (Dumont). 
A  female  from  Toledo  where  the 
at  Danao,  July  26. 

Yungiplcus  maculatus  (Scop.). 

Three  specimens  frojn  Toledo. 
Thriponax  javensis  (Horsf.). 

Taken  near  Toiedo. 
Pitta  atrlcapilla  Less. 


Hirundo  javanica  Sjarrm 

Oi  e  sperm  en  from  Tul   J 
Hirundo  stnolata  Boio 

Specimens  of  the  mosquL  swallow  were  secured  at  Toledo  on  September  28  and 
ngaiiit  on  Noiember  ]'  The  specimens  are  in  freshly  moulted  plumage  and  do 
not  differ  m  anv  detail  from  specimens  of  this  type  collected  in  Galayan  Island.' 
It  IS  possibk  that  tht  n  osque  swallr«  inhabiting  the  Philippine  Islands  may  take 
rank  as  a  geographical  race  as  yet  unnamed  but  it  is  impoaaible  for  me  to 
characterize  such  a  race  » il  out  ti  pieal  specimens  of  ttriolata,  faponiea,  etc. 
Cyornis  phllippinensis  Sharpe. 

e  from  Danao  nnd  two  from  Toledo. 


'McGregor;  Bull.  Phil.  Mus.   (1904),  No.  4,  ; 
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Rhipidura  nigritorquls 


fun  iHiled  IU<ii 


1   II) 


Cryptolopha  cebuensis  Uuboi-' 

Ihis  tli-tinct  speri^H  is  not  iukviuilioii 
feiiinle  Hwiired  ilops  not  materially  differ  i 
cuiefully  described  in  tlie  uriginal  (ItafrnoHii 
black,  lower  mandible  pale  lelloii     le(r<  «»(' 


iTi  tlie  niioih-d  portions  of  febu. 
1  plurna;^  from  the  male  which  u 
. '  JrideH  dark  ^x-y:  npper  mandi 
f»t  li^bt  plumbeous. 
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Artamrdcs  cebuentit  Grant. 

Grant'"  cbaracterizes  the  adult  male  an  "Very  neaily  iillipd  to  the  male  of 
A.  mindorensis  Steere,  fruiii  whieli  it  only  differB  in  beinjr  lar^r  and  in  having 
tlie  featliers  covering  tlie  nostrils  (jray  instead  of  deep  black."  In  specimenu 
befoi'e  nie  these  characters  are  well  defined  Hn<i  it  may  be  added  that  in  A.  iiiin- 
doTensia  the  entire  lores,  the  chin,  and  a  patch  at  base  of  maxillary  raninfi  are 
jet  black,  n-liile  in  A.  ccbui^sis  the  lores  are  blackish  and  the  jaw  is  slate  jfray 
uniform  with  tlio  chin  and  throat, 

MeamirementB  of  Artnmides  mindoTenMs  iml  A.  •^bni'iiHis. 
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Edolilfloma  alterum  Wardlaw-Ramsay. 

Fairly  common  in  forest  along  atreaina.  Usually  observed  at  considerable 
height  from  the  ground  and  easily  detected  by  its  pleasing  whistle.  A  male  and 
female  were  commonly  seen   in  company  and   oecasionaily  two   pairs  were  seen 

Tliia  speeien  is  separable  from  the  Luzon  birds  {H.  ew^vlescent)  as  [lointed  out 
in  the  original  description,"  by  having  the  plumage  of  the  male  glossed  with  green, 

'  Crypiolopho  flaviflttlniin  Bourns  &  Worcester,  Occ.  Papers  Minn.  Acod.  (18B4) , 
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wliile  ill  caitlUnceHS  it  in  );l(>HHinl  nitii  blue.  The  feninie  of  attertliit  i»  of  u  1i)(lit('r 
Kray  than  tlie  feiiiulu  of  carulestxiia.  In  alieruni  the  tliree  oiitei'  rectric^a  may 
be  narrowly  tipped  with  Hlijt«.  but  a]>pHrently  tliis  ix  not  a  coiiHtaiit  chaiuutei' 
iiiiil  ia  due  perhaps  to  extreme  maturity.  Irides,  dark  brown;  bill,  le{;n,  iinii  claivs, 
blaok. 

Meusureiiifiils  of  Hdoiiisoma  camlescens  and  H.  alterum. 
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Lalage  niger  (Fcirster). 

One  specimen  from  Dfiuao. 
Chloropsis  fJavipennis    |Tneedd.|. 

Tliis  species  was  oitsevved  in  tlie  leafy  tops  of  tiees  ncai 
rarp,  only  six  speeiuiens  being  obtained. 

Measureiiieiils  of  Cklompsh fiui'ipennin. 
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Pycnonotus  goiavier  (Kcop.) 
One  apeciineii  from  Daiiao. 
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Cittocincia  cebuensis  iSte<'ri'. 

All  iliiniiitlile  mule  from  'IVileilo.  OcIoIn'v  ):t,  .lilVerH  from  tlie  itdiilt  ««  follotV!': 
fiwtliers  of  ci'ciwii  ntiil  iia|m  ti|i|ipil  ttitli  dull  rllsily-blouli ;  wii[(r«,  dull  aeftl-lncnui; 
i^Hch  fciithei'  dF  uIiiIu  hihI  ^I'eutfr  iiivertn  with  ii  Miihtfi'iiiniiil  s|K>t  iif  ciuhproiin- 
browii  i  lesstT  povertK.  Iiliick  frinjreil  \i'itli  siivf  rj'-};r«y ;  loner  pmrtn,  chill  bliLe- 
HTa,y,  tipx  <if  featlifiH  orli^roilH  lHi-tiiiiinK  nimr  riiHty  on  HiinkH. 

Two  !idult  iiial™  mciiMurf  iim  IoIIowh:   winjr.  '-i-Hii.  :t.7r>;  tail,  4.1«,  :t.BO   (imper- 
fect |  ;   pximspd    ciiliimi.    0.0(1;    tiiisits,    I  .l)«,    l.(H). 
Pratincola  caprata   (Liim.). 

Seen  at  Daiiao  only. 
Acrocephalus  orientalis   iTemni.  &  Stlil.). 

A  fcimilo  Uii«  tiik*!n  .it  Toleilo,  November  13,  jiiul  iiiiotiier  llie  oc.it  day, 
Cisticoia  exiiis  (Vif;-  &  Horsf.). 

Oiie   spcciiot'ii    from    Dhiiiio;    cooioioii. 

Megalurus  ruficepB  Tweedd. 

F.Lirly  abujulntit   near  Toledo. 
AcanthopneuBte  borealiB   (Blan,). 

Tlie   iiortliern   ivilloiv   warWei-   hum    not    iibnndiiiit    in    tVl.u,    but    two   s[«.eimcMs 
beinfi   biken.   Ot-tolx^r    l.")    Hiid    1!)    res])e<;tively. 
Artamus  leucorhynchus  (I-inii.)- 

Noted  .It  Dnimo  .md  Toledo. 
Cephaiophoneus  nasutus  (^eop.), 

A  mala  in  fresli  |ihimn)fe  froni  Toledo,  October  'Mi. 
Otomela  lucionensis  (Linn.)- 

A  m.ile  ivitli  |Mile-griiy  forelietid  i?;  typical  of  tlie  speciej*;  iiiiotlier  Hpoi'lmeii, 
female,  Oetober  IH,  ban  tiie  entire  lipjier  partu  dark,  sliglitiy  reddisb-browii, 
oljsoletely  ci'OHa-lmrred :  sides  of  tbnmt  and  breunt,  Hanks,  iinil  tliifilis  with 
dusky,  V-shaped  bars,  Hti'onftly  su(fl{estive  of  iininaturity. 

Three  speeijin 
Pardallparus  elegans  (Less.). 

At  Danao  an  ailult  male  of  tliiw  titmouse  wiist  taken  .Tnlj  ;in.     No.ir  Toledo 
another  adnlt  male  was  taken,  October  24,  and  tivo  younn  birds  were  culiected, 
September  2li  and  October  24,  respeetiiely. 
Callisitta  ccnochlamyi  (.Sharpe). 

A  male  from  Toledo,  October  10. 
Zosterops  everetti  Tweeddale. 

A  pail'  from  Danao,  July  30. 
Dicacum  papuense  (Gmel.). 

AbuniJant  and  usually  found  feeding  at  the  fruit  of  wilif  tig  trees  {t'icuH  sp.) 
Dicaeum  pallldior  Bourns  &  Worcester. 

This  species  is  the  most  common  inemln'r  of  the  family  Dic<fidie  in  ('ehu.  It  is 
closely  relate*!  to  Dicaum  dorsals  but  appearn  to  deserve  recognition.  It  ia  quite 
probable  that  the  name  Dieaatim  flavirenler  refers  to  tbe  same  species  but  from 
lack  of  literature  I  am  unable  to  determine  wliicli  name  has  priority. 


Hosted  by  Google 


\ii   adult   iMiie  Uoni  luledo    Uttiilni    IS 
Pnonochilus  quadncolor  itteedd 

rin»  liandwinc  species  is  rare  and  strictly  (Hinfined  to  the  foit^t  Of  u^ei  30 
specimens  of  Ihcaidee  collected  by  us  in  Cebu  onlj  fiie  are  of  tins  specieB  An 
adult  male  agrees  mth  the  orif^nal  deicnptinn  "  but  the  head  tinil  neik  arc  b1iic,k 
slightly  )|Cto88ed  with  blue,  not  "<lull  black  '  flic  plate  ih  fault>  in  showin);  too 
much  yellow  on  the  rump  and  not  enon({li  red  on  the  intersca|lulars ,  the  latter 
are  clear  reil  with  no  mixtuie  of  mellow  A  joiing  male  taken  October  H  hai 
the  lowei    parts  like  the  adult  but  upper  pnits  and  tips  of  tertiai  lea  and  ^'rf  iter 

iCthopyga  magnifica  ^haipe 

This  largp  and  beautiful  sun  bud  «as  faiiU   abundant  in  ,mall  Imslie-  aloiif; 
forest   streams      Its    nonf;    thoufjli    not   el.ibiirjite    is   (oi\    aMijet    and    plca~in(; 
Specimens   from  febu  do  not   diffei    in   am    respect   from  exainpks  collettcd   in 
Si  buy  an. 
>Cthopyga  bonlta  Bourns  &  Worcester. 

A  male  and  a  female  from  near  Toledo. 
Cinnyris  jugularis  (I-inn.). 

One  specimen  taken  at  Danao. 
Anthrcptes  chlorigaster  ^harpe. 

Only  a  male  and  a  female  obtained. 
Motacilla  melanope  Pall. 

This  waf^il  was  seen  daily  in  the  vitinity  of  Toledo. 
Budytes  leucostrlatua  Horn. 

A  pair  in  plan  winter  iduniaf-e  taken  cm  the  bcaeli  iii^nr  Ti>lcdo,  September  2^1. 
Anthua  gustavi  Swinh. 

One  specimen  from  near  Toledi),  October  21). 
Patier  montanus  (Linn.). 

This  introduced  spairt 
ivus  observed  at  Danao. 
Munia  Jagorl  Martens. 

Jagor'B  rice-biid  was  found  breedinfj  in  nnnibcrs  near  Toledo  and  several  nests 
containing  fresb  eggs  were  tiiken  from  screw  pines  [t'andanus)  on  September  28. 
Oriolus  chlnenBis  Linn. 

One  of  the  more  common  species  in  t'ebu. 
Oriolus  aaBlmilis  Tweedd. 

This  forest  oriole  was  not  uncommon  near  Toledo.  While  it  is  plainly  of  the 
Oriolus  steerei  type  it  differs  In  being  larger,  in  the  much  darker  and  gi'eener 
upper  parts  and  under  tail-eoyerts,  in  the  darker  throat  and  breast,  in  the  wider 
black  markings  of  abdomen,  and  in  the  reduced  yellow  tips  of  rectrices. 

Adult  male,  October  13.  trides,  bright  red;  bill,  dull  red-brown;  feet,  lead- 
blue;  nails,  black.  Immature  male,  October  13.  IridsB  white;  hill  brown;  legs 
lead  blue;  nails  black. 

'=Tweeddale;    I'roc.  Zool.  Soc.    (1S77),  763. 
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IIIHDS    (■()U,i:(TKD    IN   CKRr. 
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Dicrurus  mirabill*  W'aldcn  £  Lnynrd. 

A  few  'peeiiiiens  were  taken  near  Toledo. 
Sarcops  calvus  (Lhin.]. 

A  female  from  Toledo,  NovemWr  H,  lias  the  iMiek  rather  dnrk  and  slioiilii  jiprluip-* 
l)e  referred  to  H,  nielnnonoiun. 
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BIRDS  OBSERVED   IN   BANTAYAN   ISLAND, 
PROVINCE   OF  CEBU. 


Rantayaii  is  an  island  47  square  miles '  in  area,  lying  8  miles  west  of 
the  northern  i)i>rtion  of  (Vim  Island  and  northeast  of  the  northeastern 
point  of  Negros,  Tlie  22  miles  tietwoen  Bantayan  and  Negros  is  par- 
tially bridged  by  tlie  Dons,  a  aeries  of  seven  isles  varying  from  0.1  to 
1.3  square  miles  in  area,  and  ^'ery  shallow  water  is  found  for  a  con- 
siderable distance  from  Eantayan  toward   Negros. 

The  surface  of  Bantayan  is  flat,  the  Boil  anndy  and  rather  jioor,  and 
the  native  vegetation  olTors  hut  little  attrad:ion.  'I'liere  are  no  streaTiis 
and  Imt  one  or  two  small,  shallow  ponds.  A  largo  area  of  tide  flats  is 
exposed  at  low  water,  affording  feeding  ground  for  luany  migratory  shore 
birds. 

Com  is  the  staple  food  product,  and  among  fiber  plants  the  pineapple 
and  maguey  are  planted  in  quantitii^s  affording  a  steady  source  of  revenue 
to  the  inhabitants  of  the  island.  The  women  arc  industrious  and  expei't 
workers  on  the  loom. 

Groves  of  coconut  trees  extending  in  an  almost  unbroken  band  along 
the  shore  afford  excellent  feeding  ground  for  Lorinilm,  but  neither 
search  nor  inquiry  I'esulted  in  any  evidence  of  its  pj'esenee. 

Birda  were  collected  on  fiantayan  from  August  ,?0  to  September  SJl, 
190(5,  and  C6  species  were  recorded.  Of  these  Ortholoiirux  cinereiceps 
and  lole  gvimarasetms  demonstrate  that  this  island  belongs  with  tlie 
central  niilippines  (I'anay,  Negros,  Uuimaras,  Masbate,  Ticao)  and  not 
with  Cebu.  Dicninis  mirabiiis,  while  a  central  Philippine  species,  is 
found  also  in  Cobu ;  its  presence  in  Bantayan,  therefore,  merely  unites  the 
faima  of  that  island  with  the  central  group  without  separating  it  from 
Cebu. 


LIST    Of 

■  scnciEM. 

Megapodlua  cumingl  nillH-. 

No  individiial  of  this  spectps  was  ae? 

n  but  1   fprl 

jiistitic.,i  in 

recoriling  it  from 

the  island  on  tlie  strength  of  tlie  exan 

lination  of 

two  large  m 

ounds  vvhiHi  were 

evidently  in  use  by  birds  on  September  -I 

;,  IftiMi. 

Two  males  and  a  female. 

^  Areas  of  islands  from  (7f"SH*  ot  the  PMiptnne  Islnnds   (IMOrij,  1,  270, 
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BIRDS   IN 

BANTAYAN    ISLAND. 

Leucotreron  ieolancheri   (Bp.). 

This  dove  uas  rare;  one  B])ecim 

en  »ns  taken  Aupist  23. 

Muscadivora  xnea  (Linn.), 

Uneonniion ;  tivo  s[«.einieits. 

MyriBticfvora  bJcolor   (Scnp.t. 

A  young  bird  of  tlii»  spceies  ivi 

US  taken  from  its  nest  oi 

t»o  adult  imilcs  \vcri>  killed  tlic  sni 

Enc  day;  veiy  few  individ 

Streptapeiia  dussumPeri   ('IViiini 

.). 

Abundant, 

Hypotsenidia  torquata  (Linn.!, 

One  sppcinien  taken. 

Gallicrex  einerea  <l^tb.). 

AuKUst  24,  lilOO,  anil 


beyond  any  it'usdnaiilft  doubt. 
Sterna  boreotis  (Bangs). 


Arenaria  interpres  (Linn.). 

Tnrnstones  were  abiinilant,  iiHilally  keeping  in  sinnli  Hooks  (iistinrt  from  otber 
shore,  birds.  Two  specimens  taken  .\iigiifrt  27,  liHMI,  still  retwin  nuicb  of  tbe 
Slimmer  plumage, 

Squatarola  helvetica  {Linn,), 

Rare;  one  specimen  Septembor  r,,  ll«lli, 

CharadriuB  fulvus  (Gm.). 

Two  specimens  n!  the  Kaatern  golden  plover,  August  2-1,  lOOfi,  and  Septenil)er 
.'i,  100(1,  lire  in  mixed  plumage,  tbe  black  of  lower  parts,  however,  still  preilominnt. 
ing  over  the  white. 
Ochthodromus  geoffroyi   (W»g[.). 
Ochthodromos  mongoiua  (Pail,). 

/Cgialitis  peroni   (Bp.). 

U,«ually  found  singly  or  in  pairs  along  sandy  beactics  and  nincb  riirer  than  tbe 
two  species  of  Oohthodromus. 
Numenlus  variegatu*  (Scop) 

Curlews  were  \en  abundant  m  larjre  lljcks  on  tide  flats  near  the  town  of 
itantnyan.     Six  'peitmens  presened  are  of  this  specie*  and  another  much  larger 

Limosa  novae-zealandlae  Gra> 

This  godwit  ua^  abundant  on  tidi  flats  and  sp<emiens  wire   ibtained  »itbout 
difficulty,  a  number  often  being  killed  *tt  one  shot      Skins  presened    \uguBt  20  to 
September  14,   IfOG    lepresent  lioth  suinmei   and   "intei   plumages      The  mines 
of  Bantayan  call  tbn  species    ma  ni  ug  sue 
TotanuB  eurhinua  (Oberb.). 

A  female  was  taken  August  24.  Iris  brown;  hill  black  except  hasal  half  of 
under  mandible  which  is  lipfht  orange;  legs  and  feet  light  reddish  orange;  claws 
blackish. 
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312  m'ckehok. 

Heteractltii  brevlpet  (Vjeill.)- 

Many  specimens  taken  with  remnants  of  the  mottled  summer  pliimaf^,  others 
in  plain  winter  dresH.     Known  to  natives  of  the  island  as  "t«-]ing-tinK"  but  tlie 
name  is  not  always  rpHtrieted  to  this  species. 
Actltis  hypoleucus  (Linn,), 

One  specimen. 

Limonltei  ruflcollls  (Tall.). 

A  good  aeriefl  of  this  itint      A  female  of  August  27,   1!>06,  still  retains  miicli 
of  the  prett\   summer  plumage  liut  the  other  specimens  show  little  tracei  of  it. 
Known  in  Bantayan  at    ti  ut  ti-ut'." 
GaMinago  megala  Swinh 

Sni|>e  aie  ruie  in  Banta\an  as  there  is  little  ground  siiitpd  to  their  nped^.     A 
female  wax  tal,en  Septeinbei   I"    lilOll,  and  n  few  niorp  u'eie  seen. 
Ardea  sumatrana  Rain 

Each  da\  a  nnmber  of  large  herons  were  feeding  in  shallow  water  heyond  the 
tidp  iiata      An  immature  male  was  collected  August  24,  lOfKi. 

but  oni-e.  near  Santa  FS. 
Nycticorax  manillenais  Vig. 

A  flmall  flock  of  Manila  night  heron'*  was  noted. 
Butorldea  javanica   (Horsf.). 

Ahundant  in  mangrove  swamps. 
Dendrocygna  arcuata  (Horsf) 

Ducks,  all   of  this  common   species    hitc   ohtainei)   •>n   a   small   shallow   |Hind 
near  the  eastern  coast  of  the  island 
Fregata  ariel  (Uould) 

This  graceful  hird  was  first  ohservtd  on  September  5,  1000,  when  three  individ- 
uals flew  over,  passing  frim  east  to  «est  followed  at  about  100  yards  by  four 
more,  one  of  which  was  killed;  a  single  bird  was  seen  two  days  later.  The  natives 
say  that  this  bird  "eats  wind"  anil  that  it  never  alights;  the  native  name  on 
Bantayan  is  "con-pi-sai/."  The  specimen  collected  was  a  male;  length,  2R.8  inches; 
e.xtent  of  wings,  03.0  inches;   bill  gray;   gular   pouch   white  with   some   scarlet 

Circus  melanoleucua  IForster), 

A  finp  adult  male  of  tliis  iiiarsli  limvk  was  killed  in  a  "cogon"  grass  flelii  on 
September  ^,  IftOfi. 
Haliaetus  leueogaster  (Gni.). 

Fairly  ahundant. 


Elanus  hypoleucus  Gould. 

An  adult  specimen  was  killed  in  a  bamboo,  September  17,  lOOfi. 

Cacatua  hsematuropygia  (P,  L.  S.  MiHIer). 

One  specimen;   rare. 
Tanygnathus  luclonensis  (Linn.). 

Eurystomus  orlentails  (Linn.). 
One  specimen;   nirc. 
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IIIIUIK   IN    lUNTAYAN    ISLAND.  : 

Alcedo  bengalentiB  Briss, 

A  feiiiale  taken  Sp[)ti>ijil)pr  M.  Htdii;   very  rHr<'. 
Halcyon  ehloris  (liodil,).       . 

Merops  philippinus  Linn. 

An  hour  l>erai'e  HiinKet  iiunil)prH  of  bce-binlH  nft^n  apjK^ntil  iienr  the  t(>ivn,  i 
hig  in  Hiiiall  cirrlps  antl  vith  a.  slow  ]>n>^r«>!4r)iv«>  motion  from  east  to  went. 
Hiicli  occasion  tliere  were  probabl.v  not  lenx  tlinii  :tOO  inilividunis  over  an  arei 
20  neves,  presentinj;  h  very  |iretty  sifrht.     Two  «|iefiniens  ""pre  neeiired. 
Caprimulgus  manillenstB  Wnlcl. 

'i'wo  ffiiiiilps  wi>re  s.-tiiieci  in  nn  old  fielil. 
Salangana  whiteheadi  (irant. 

SwiftH  were  ohserved  on  KepteinWr  ;t.   liUlfi.  only,  ivlien  two  spet-imens  of 
alxive  sppcieH  nere  uecurefi. 
Cacomantie  merulinus   IScop.l. 

Two  .,,ecin,e.is. 

A  male  of  Anf;ust  27,  l!)0(i,  is  in  nearly  niJiilt  l.lnck  ])hniint.'P,  Init  rptiiii 
tew  barred,  feathers  on  lueast,  flanks,  and  winj;  ecivprti*. 


Pitta  atricaprlla  Le^s. 

One  male  was  taken  August  23  nrd  another  August  27,  1001!;  the  species 
pparn  to  he  rare  in  tliis  island.     It  is  known  here  as  "wo-lia'." 
Hirundo  Javanica  Kimrrm. 

Cyornis  philippinensis  Sharpe. 

Rare;  a  male  taken  August  30,  1110(1. 
Hypothymis  occipitalis   (Vis). 


Rhipldura  nigrltorquic  Vig. 


The  fruit  tlirush  of  Bantayan  belongs  to  the  above  variety  Its  greater  size 
darker  and  less  reddish  throat  and  more  pr<mouneed  shaft  lines  llstlnguiah  thii^ 
bird  from  lole  pkilippensix.  Five  males  from  Kantayan  eolleited  in  September 
1000,  nieaaure  an  follows:  Wing,  4.06  to  4.18  (average  4  11)  exposed  culmen 
0.82  to  0.92  (average  0.88).  Five  males  of  lole  phitippengis  collected  at  Toledo 
Cebu  in  Septpinber  and  October,  1906,  measure  as  follows:  Wmg,  4.00  to  4.00 
(average  4U4)     evpo^ej  culmen,  0.78  to  0,80   (average  0.70). 

A   female  taken  September   14,   190tl,   lias   nearly   the   entire   forehead   white, 
washed  with  pale  jellow 
CopsychuG  mindanensia  (Cm.). 
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Pratincola  caprata   (Linn.)- 

Apparently  rare;   one  femali'  taken  ScptPinher  3,  11*00. 
Orthotomua  caBtaneiceps  Wtililen, 

Extremely  abundant;  a  fully  grown  bird  of  tlie  year  taken  September  11.  190(i, 
id  dull  green  aliove  and  white  below;  tlie  breast  sligbtly  gray;  chestnut  of  adult 
plumage  just  Khowinfi  around  eye  and  a  few  gray  plumes  in  neck.  Adiilt<( 
do  not  differ  fiom  spceimens  collected  in  Masbate  and  Tieao.     Tlie  native  name 

CIsticoJa  exilis   (Vig.  &  Horsf.). 

This  small  grass  waibler  is  probably  the  most  abundant  ;tvian  species  on  the 
island.     A  bird  just  from  tbe  nest  was  taken  August  21.  lUdli. 
Acanthopneuste  borealls   (Bias.). 

The  Northern  willow  viarbler  was  wry  rare;  a  female  iias  taken  September  8. 
1006.  and  anotiiei'  individual  was  seen  a  fe"'  days  before. 


Artamua  leucorhynchus  ( 

Linn. ) . 

Otomela  Jucionensis  (Linr 
Tbe  common  shrike  of  thi 

1.1. 

,  Philippines  i«  k 

nown  in  Bantayan  as  "te-l 

;i'-bi-as." 

CinrtyriB  jugularls  (Linn.) 
Specimens  of  this  species 
breast     Abundant  in  cocon 
detected. 

.  from  liantayan 
ut  fTTOves  but  ni 

are  slightly  orange  below 
.  other  species  of  Xe^lar 

■  the  black- 
iniidir  was 

Anthus  rufutuB  Vieill. 
l-'airly  abundant;   a  male 

anil  a  female  wei 

■e  pieserved. 

Munia  jagori  >lartens. 
Not  common. 

■Vbundant       Tie  n^tue  n 

inie  IS    tulilao' 

Dicrurus  mirabills  Wild 

ini  J^-(aid 

The  ovan   of  a  female  taken    \ugust  28,   190(1,  contained  a  large  egg  and  a 
young  bud  just  able  t*  fl*   was  eaptuied  September  3,   IBOfi,     The  adults  taken 
do  not  differ  from  licaj  and  Cebu  specimens. 
Sarcops  melanonotus  Grant 

Not   common     the   single   specimen    pie-erved   lielongn   to   the   above    recently 
described  lariet^ 
Lamprocorax  panayensis  C^cop  ) 

Just  before  sunset  on  feeptimber  S  J'lflb  wbile  looking  for  goatsuckers  in  an 
old  cornfield  numbers  of  Panai  starlings  nere  ncted  fljing  in  straight  converging 
lines  The  birds  were  in  pans  or  in  flocks  of  Irom  3  to  30  individuals  while  near 
the  close  of  the  flight  two  flocks  «ere  estimated  to  contain  130  and  150  birds 
le^pectiicly  Tbe  average  flock  contained  Home  It  birds  Later  investigation 
diBologed  what  I  had  expected  to  find  a  night  roost  of  these  birds  in  a  clump  of 
bamboos  and  mangiose  trees  situated  on  the  margin  of  a  salt  water  swamp. 
In  all  88  flocks  were  counted  or  estimated  with  a  total  of  1  050  birds,  which  was 
not  oier  a  third  of  the  number  ictuall>  reaching  tbe  roost 
Corone  philippina  (Bonip) 


•-llvll.  II.  n.  i\   i\m(\),  16,  100, 


Hosted  by  Google 


THE  BIRDS  OF  BOHOL. 


By  RiCHAR»  C.  M€(5 


IX'rJtODtCTIOX. 

Boliol  Islaml,  ],44l  siniaro  miles  in  area,  is  noarlv  circular  in  outline 
and  its  coast  is  little  iirokcn  l)y  Iwya  or  inlets,  but  tliere  are  more  tJian 
liO  small  islands  near  it,  mostly  to  the  north  and  nortJiwest.  There 
are  no  mountains  in  Botiol,  but  sliarpe  ridfjes  of  olii  coral  Iinit'Bt<me  an' 
found  in  the  vicinity  of  Sevilla  and  Guindulman.  On  tluso  ridges  grows 
the  only  forest  in  the  .island.  If  any  extensive  forest  ever  existed  on 
level  ground,  it  has  long  since  been  eut.  I  was  told  tliat  in  the  int«'rior 
there  are  large  areas  of  rolling  land  covered  with  tall  cogon  grass. 

The  first  list  of  Eobo!  hirds  is  that  published  by  Tweeddale'  based 
on  the  collections  made  by  Mr.  A.  H.  Kverett  and  his  brotlier.  The 
I'lveretts  went  to  Talibon  on  the  northern  coast  of  Bohol  and  evidently 
found  no  suitable  collecting  ground      Twee<Idale  Bay« 

Mr  Evfrett  stopped  for  a  »pek  at  Talibon  on  tlip  nortli  toast  of  the  island 
aii<l  then  left  for  Palanan  winle  his  brotliir  procwded  to  the  interior  of  tin. 
inland  to  collect  lliere  lie  found  a  i?ountr>  (uicri'd  uitli  grass  12  feet  liii^li  an<i 
uitli  no  foiest  eveept  on  tlie  tops  of  a  f<»  1>i11m  Birds  uire  scax  and  lie  had 
to  return  stricken  with  fever  " 

riio  collection  made  b}  the  ]il\eretts  contained  examples  of  47  specie« 
Uhe  ne\t  eollectois  to  \isit  the  island  weie  members  of  the  Steere  E\ 
(edition,  but  tlie\  seem  to  ha\e  taken  few  binls  Worcester  *  states  tiiat 
St«ere  and  his  collector,  Mateo  Francisco,  went  to  Bohol  for  corals;  the 
14  S])ecies  listed  for  "Bojol"  by  Steere  ■'  are  common  forms  and  7  of 
these  were  not  contained  in  the  Everett  collection. 

In  March,  190(>,  Messrs.  Celestino  and  Canton,  assistants  in  the  Bureau 
of  Science,  were  sent  to  Bohol  and  in  May  the  author  joine<l  them  at  Tag- 
bilaran,  to  find  that  valuable  collections  of  birds  had  been  made  at 
i'orella,  Sevilla,  and  Balilijan,  where  small  patches  of  forest  had  been 
found  on  steep  coral  rock  hills.  Collecting  in  the  vicinity  of  Tagbilaran 
being  practically  useless  l>eeause  of  the  total  lack  of  forest,'  we  moved 
to  (ruindulman,  where  we  found  a  small  forested  area  on  the  top  of  a 
limestone  ridge.  The  species  collected  here  were  much  the  same  as  those 
already  obtained  near  Sevilla,  but  a  number  of  important  additions 
wore  made  to  our  list. 

■  Froe.  Zool.  Hoc.  <187H),  708-712. 

'The  Philippine  Islands  and  their  people.     New  York   (1898),  303. 

'List  Phil.  Hds.  Ann  Aihor  |iS!IO),  .'>-27. 
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For  the  sake  of  eompldenees  I  have  ineluilert  in  the  present  list  all 
.species  recorded  hy  Tweeddale  and  Steere  as  well  as  the  91  additional 
species  obtained  by  us;  t!ie  latter  are  indicated  hy  an  asterisk  (*)  follow- 
ing the  name.  I  have  also  indicated  the  few  species  not  seen  hy  us  and 
have  given  references  to  all  the  records  by  Tweeddale  and  by  Steere. 
Five  of  the  species  appear  to  be  new  and  are  described  as  Turnix  celes- 
tinoi,  Pkapiireron  alhifronn.  Olv.t  hohoUnsis,  Zosterops  liEta,  and  Eudre- 
pants  decorosa. 

Befoje  giving  the  list  of  birds  known  from  Bohol  1  will  indicate 
briefly  the  evidence  in  favor  of  uniting  this  island  with  8amar-lA'>te* 
rather  than  with  Cebu.  Worcester'*  has  pointed  out  that  the  affinitieb 
of  the  Bohol  faunse  are  with  Ijeyte  and  not  witli  Oebn.  The  much 
greater  amount  of  material  now  available  fully  confirms  his  opmion 
I  will  first  give  a  list  of  characteristic  genera  which,  w  far  a-  known, 
have  no  representatives  in  CVbii,  but  which  are  now  known  from  Bohol 
and  from  the  islands  east  and  south  of  it  { Samar-Ijey te,  and  Mindanao). 


CHARACTERISTIC  GENEU.V  UKPltHSKNTED  IN  B 


AND  ABSENT  FltOM  CEBU. 


Hydrocorax.  Zosteromis. 

Penelopides.  Macroniis. 

Pyrotrogon.  Orthotomus. 

Chrysocolaptes.  Eudrepanis. 

Rhinomyias.  Arachnotkera. 

Poliolophus. 

In  addition  to  the  striking  difference  shown  by  tlie  above  list  is  the 
evidence  afforded  hy  several  genera  common  to  the  two  islands,  but 
having  well-marked  representative  species. 


Phapitreron  frontalis. 
Phapttreron  nigrorum. 
Loriculm  chrysonotns. 
Yungipicvs  maculatxis. 
Crypto] opha  cebwensis. 
Artamides  cebuensis. 
Hi/loterpe  vdncheUi. 
Zosterops  everetH. 
DictEum  pallidior. 
Prionockiltts  quadricolor. 


P.  amethistinfi. 
P.  albifrons. 
L.  Worcester' . 
Y.  hf/tensis. 

C.  olivacea. 
A.  kochi. 
H.  apoe-nsis. 
Z.  Iwta. 

D.  cinereigulare. 
P.  inexpectatns. 


'The  differences  between  the  birds  of  Samar  and  Ij^jte  a 
for  the  purpose  of  this  paper  these  islands  are  treateil  as  o 
"Proc.  V.  S.  Nat.  Mun.  Wnsh,   (1S!)8),  20,  580. 
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The  forgoing  lists  are  siilfit-icnt  to  sliow  tlie  fun  da  mental  liiffeiijncu 
Iwtwceii  the  birds  of  Cebu  and  Bohol,  while  the  following  Hats  are  eal- 
ciilated  to  indicate  that  Bohol  is  closely  n'lated  to  Haniar-lAiyte  and 
less  closely  to  Mindanao: 

CHAItACTElilSTIC    Si'BCfES    TOUND    iS    BOliOi.    AND   S-lHAfi-LKY'lK. 

Loriculus  worcesteri.  Chri/nocolaptes  rufopumtatm. 

Hydrocorax  semlgaliatus.  Ify/ioUiymis  minnrensi's. 

Fenelopides  samarensi^.  XoKtrrurnis  nigricapitatiuf. 

Yungipicus  Uytensis.  Orlliotomus  samarensvi. 

CHARACTERISTIC  SPECIES  KOUND  IS  UOIIOI.,  SAMAU-LKYTK,  AND  MINDANAO, 

I'hapitreron  ainrthystina.  Ilylotrrpe  (ipocmis. 

I'yrotrogon  ardens.  lihabdomis  minor. 

Centropus  melanops.  Dieieum  (.inercigulare. 

Pitta  steerei.  Priunockilnn  olivaceus. 

Artamides  koclii.  Arachnothera  iihilippinetms. 

Poliolophns  urostictus.  liirrnrus  striatm. 
Orthoiomus  frontalis. 

LIST  OK   THK    BIHDfi   Of    BOHOL. 

Gallus  gallus  (Linn.).' 

Tlie  junfrle  fowl  wns  abiincknt,  iti  llie  vaiioni.  Iiicilitics  viaitcd;    it  i«  known  to 
tlio  nativps  as  "imi-noc'-i-liaa'." 
TornFx  celestlnoi  McGregor." 

A  aingjp  hcmipode  wa»  killed  on  a  ^ihsh\  lull  iii'ai  (.utnaiilniiiii  Tlie  Hj)edi'» 
was  not  observed  in  any  otiier  jMirt  of  Holi  jI  unii  it  is  pi  iljabK  uiri  as  it  seems 
tu  be  unknown  Ui  the  natives.  Tliis  9|iecies  is  somewhat  ■iimilar  to  lurnix  irAifR- 
headi  but  differs  in  beinf;  darker  and  liaving  a  larger  bill  and  longer  wing  and 
tu  rails. 
Osmotreron  vernans  (Linn.). 

Oamotreroa  vernana  Tweeduale,  I'roc.  Zool.  Soc.   ( 1878),  710. 

The  gteen  "pii-nai"   was  abunfiant  in   all   localities  visited   and   was   usually 
found  feeding  in  shrubs. 
Phapltreron  amethystina  Up.* 

Four  exaniiiles  of  tlie  amethyst  dove,  obtained  at  Sevilla,  differ  frinii  two  others 
taken  near  Manila  in  having  the  chin  and  throat  Hlightly  darker  and  more  ruddv 
and  the  forehead  darker.     A  female  from  Sevilla,  taken  March  23,  has  one  of  the 
lonjfer  under  tni!-coverts  entirely  white. 
Phapltreron    albifrons    npn-   sgweies. 

Pkabotreron  brevirostrts  Steere,  Ust  Hiil.  Bds.   (1890),  24. 

Npedfio  characters. — Belonging  to  the  small  billed  group  of  this  genus  but 
distinguished  from  all  otiiei'  known  species  by  tlie  white  forehead  and  chin  and 
tlie  brown  subocular  line. 

Type.— No.  11490,  J,  Bureau  of  Science  Collection;  Tagbilaran,  Island  of 
Bohol,  P.  I.;  May  I,  1906;  Celestino  and  Canton  collectors. 

Deacriplion  of  type. — General  color  brown,  much  darker  aiiove,  with  iridescent 
reflections  most  pronounced  on  nape,  mantle,  and  breast;  merging  rather  abruptly 
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into  duik  ^r»}' of  CKimi  mcipiit  iia|>p  miJ  miles  uf  heiid  riiililv  bi <i»  n  fioin  {;n)H 
H  narrow  tiruun  line  pasiln};  belou  the  e^i  uitli  a  nidei  ulnte  lini  uniliimiith 
both  lines  leochmn  lievonil  ear  toierts  chin  «]iite  ({nuiualTi  ehnnginfr  tii  jjnn  on 
tliioftt  and  ochrawous  tn  biea'^t  and  abdomen  under  tail  ctnertB  and  a  «ide  Imnd 
at  end  of  tail  jmle  F reneb  grai  innns  iinifoim  nith  the  back  pnraarles  with  ii 
narrow  li^lit  brown  etiffe  on  outei  web  ^  itb  tlie  hird  h*^1d  touard  the  light  the 
ocLiput  and  nape  are  glo^ised  with  green,  followed  by  a  patih  of  in«Lail1ic  hliiif  this 
followed  on  intertieapulars  hy  n  wide  band  of  metallic  {{iHn  extending  to  siiles 
cf  neck  and  narrowly  bordeled  behind  b\  blue  the  «inj!S  and  reiiiainin);;  nppei 
[a.itK  hnie  a  dull  Kieen  glo^H  nlth  the  bud  held  H»a>  fioni  the  li^ht  the  K>een 
changes  to  pmple  and  this  niitallie  eolor  '*ho««  also  on  throat  bieast  and  side 
of  neck  Lengtb  in  fle>j|)  02  inches  wing  4  flO  tall  J  20  culnien  fiom  base 
0A4     tardus  OOQ 

Tbia  distinct  tiM'CieH  is  miHt  eloseh  relateii  to  I'luipitrei on  bie  iioatns  of 
Mindanao  but  its  white  foiebead  and  brown  unilocular  line  distin^iiHh  it  at  omf 
fioin  all  preiionuly  desciibed  species  Out  tiist  s|>eciinens  utie  collected  at 
Seiilla  and  1  oboe  and  it  was  observed  b\  the  roadside  ilailv  dining  oui  jonrnej 
fioin  Tagbilaran  to  Guindulnian  near  the  tattei  town  it  was  often  seen  in  c«ni 
|)any  with  Oenolreron  itrnani  feeding  in  shrubs  wbieb  grow  in  open  eountij  It 
was  found  in  forest  as  well  but  whs  then  niure  dilflcult  to  detett  owing  to  its 
ijuiet  habits  and  the  protection  of  thick  foliage  In  tins  species  the  terminal  lialf 
of  bill  IS  black ,  baxaL  half  of  bill,  skin  around  eies,  and  feet,  dull  ciimHon ,  index, 
brown;  iiailB,  gray.  A  hard  Fthelled  egg  was  taken  from  a  female  bird  killeil 
June  7  and  another  egg  was  obtained  in  the  same  way  June  11.  The  latter  egg 
measures  l.or>  by  0.82  and  is  puie  white  in  color.  In  Itohol  this  bird  is  called 
the-'li-nitl-con.-" 
Leucotreron  leciancheri  (Bp.).* 

Specimens  of  1-ee! anther's  dove  were  taken  at  Tagliilaraii  and  at  Sevilla. 
MuBcadivora  asnea   (Linn.).* 

The  "baud"  was  not  observed  in  abundaiiii'  but  a  few  s[iei'iiiieiLN  were!  taken  at 
.Sevilla  and  Guindulnian, 
IMyristlcivora  bicolor  ^cop. 

Myrietidvora  bioolor  Woecebter  ano  Boukns,  Proc.  U.  S.  Nat.  Mus.,  20,  5r>l, 
species  No.  2«;  McGbgdor  A.Mi  WoBCESTBit,  Hand-List  rhil.  Bds.  (100(i|.  12, 

In  the  pa]>ers  quoted  above,  tiiis  sjiecies  is  given  as  being  found  in  Boliol  but  1 
find  no  original  leeord  of  the  sjipcies  front  this  ishind  and  it  was  not  observed  by 

Macropygia  tenuirostris  Bp.* 

The  slender-billed  cuckoo  dove  nas  not  uncommon.     An  e':iiniple  with  several 
white  ]iritnaries  and  secondaries  in  each   wing  was  seen   in   llight   hot   was   liot 
secured.     One  specimen  was  taken  in  Sevilla. 
StreptopBlla  duasumleri  (Teinni.). 

Twrtur  duasumieH  Tweedhai.e,  I'roc.  Zoul.  Soc,   (1878)  ;  7!1 ;  Steehk  List  I'Lil. 
Bds.   (18901,  24. 

The  "tuc-mo"  was  abundant  in  shrubs  and  bamboo  cinmjis  fibout  the  borders 
of  rice  fields  and  grass  lands. 
Chalcophaps  indica   (Linn.).* 

Tho   Indian    bronKe-winged    d<ive    is    known    to   the    ftoholanos    as    "nia-ml-tnd." 
Several  specimens  were  collected. 
Pollollmnas  cinereus   (Vieill.)." 

This  rail  was  obtained  at  Kevilla  and  at  (.iuindulnian. 
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Amaurornia  olivacea   ( .M.t«-ii ) ." 

This  Kjiecies  w>i»  obtiiiiiL'd  at  Tn)r|>itiiriin  aii<i  (liiiiuhiliiiniL.     It  U  c.ft.'ii  st'cii  hi 
veiy  dry  localities  ami  8|)penis  to  be  quitv  indeiifiideiit  of  iiiHrsh  land. 
Amaurornis  phoenicura   (Forster).* 

No  sjieoinien  of  this  species  was  olitained  but  it  was  seen  sh'VithI  tiiiiLia  ami  I 
iLave  no  besitatioii  in  reeordinjj  it  as  an  inhabitant  of  BiJiol. 
Gallinula  chloropuc  fl.iiin.).' 

Tliree  specimens  in  iwrfeot  plumutti*  from  Sevilla,     Tliin  spei-ie«  is  known  to  tlie 
natives  of  Bolioi  as  "ea -nib'  i-tii-nion'." 
Gallicrex  cinerea   IT-atli.).* 

Tlie  "tii-yiidV  was  abundant  near  (inindnlnnin  where  one  was  killed 
Porphyrlo  pulverulentus  Temm." 

Tills  odd  specisH  was  Keen  tnany  times  l>efore  a  specimen  was  nbtained.  It  was 
found  feeding;  in  a  lerv  renti'ieteil  area  i)f  old,  Himiied  ])ad<ly  near  fiuiniliilinan. 
Heic  it  «as  completely  hidden  from  view  until  it  took  HiK'it  and  |)hliif[ed  intii  a 
thick  growth  of  grass  some  ten  <ir  twelve  feet  tiill,  where  of  course  it  whs  uaeless 
to  follow  it.  When  not  aware  of  danger  it  walked  about,  searching  for  food 
auiong  the  matted  aqtiatie  plants,  in  the  manner  of  tiif  smaller  rails.  Tlie  tail 
was  carried  erect,  but  was  frequently  moved  with  a  downward  jerk,  ijiving  the 
bird  an  extremeti  neiTous  appearance.  Live  specimens  are  iK'casionally  seen  in 
the  Manila  markets  and  T  am  told  that  they  are  eftsily  tameil.  but  liecoine  a 
nuisance  to  anyone  owning  chickens,  as  with  their  jwuerful  lieaks  they  kill  all 
small  chickens  coming  within  their  reacli. 

A  female  was  taken  June  20.     Bill  and  iridea  red;  legs  reiUiisb  biown;  nails 
gia^       riie  natue  name  of  tliis  species  ia  "ca-rab'  a-bu-hon'." 
Podlcipet  phllipplnensls  (Bonn.).* 

Two  specimens  of  the  Philippine  grebe  were  obtained   near  Sevilla  wliere  the 
s]iecies  is  known  as  "ga-mao'." 
Sterna  boreotis  <Ba.ngs). 

Interna  bergii  TwEEVaALE,  I'roo.  Zool.  Soc.    |1B7S),  712. 

Observed  at  Tagbilaran. 
Arenaria  Interpres   (Linn.). 

Htrepsiltts  interpres  Tweeddale,  Proc.  Zo<il.  Soc.  (1878],  711. 

Taken  by  Everett  in  northern  Bohol ;  not  seen  by  us. 
Squatarola  lielvetica   (Linn,),* 

Two  specimens  of  the  black-bellied  jilover  were  taken  at  Tagbilaran,  May  i). 
Charadrlus  fulvu*  ((im.). 

Charadrius  futnus  Tweeddale,  Proc.  Zool,  Soc,   (IHTH),  711. 

Taken  by  Everett  in  northern  Bohol ;  not  seen  by  lis, 
Ochthodromus  gooffroyi   (Wagl,|, 

Eudromias  gcoffmyi  Tweebdai-e,  I'roc,  Zool.  Soc,   (1878),  711. 

A  pair  from  Tagbilaran,  May  il.     The  male  has  put  on  the  breeding  dress  while 
the  female  is  still  in  the  plain  brown  and  white  winter  plumage. 
Ochthodromus  mongolu*  (Pal),). 

Eudromias  mongolvs  Twbeduale,  Proc.  Zool.  .Soc.   (1S78),  711. 

Taken  liy  Kverett  in  northern  Boliol ;   not  seen  by  us. 
^gialltis  dubia  (Scop.). 

AUgialitis  dubia  Tweeodale,  Proc.  Zool.  .Soc,   (1878),  711, 

Taken  by  Everett  in  northern  Bohol ;   not  seen  by  ua. 
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^glalitls  peroni  (Dp.). 

.iHgialitu  peroni  Twebiwaie,  Proc.  Z«ol.  Soc.   |1«7H),  711, 
Taken  by  Evprett  in  nortlierii  Koliol ;  not  neeii  by  us. 

^glalltis  alexandrlna  (Linn.). 

,f!gialiUa  cantiana  Tweeddale,  Pvok,  Zool.  Soc.   |1M78).  711 
.Egialitis  cantianit»  Stberb,  List  Philip.  BiIk.   (18!)0),  2r>. 
Not  Hwn  by  us. 

Numeniui  variegatus  (.Seop.).* 


Numenius  cyanopus  Vicil).* 

TugbiUran,  May  S.  Malp,  lengtli,  23  inclies;  iving,  11.5;  eulnn 
.1.20.  Ffimfll,',  lenfjtli,  25  inclie-si  wins,  12.00;  oulmen,  O.ilOi  tars 
Limosa  novac-zcalandiae  Oray. 

lAmosff  tapponiea  Tv/EEimiilS,  I'l-nc.  Zool.  Soc.    (1R7S),  711. 

Taj^bilaran,  May  8,  five  SpPCtmens. 

Totanut  eurhinua  (Olierh.).* 

A  female  from  Tajfbilai'an,  May  H.  Measurements  arc  Iioik 
speciniBng  in  tlie  Bureau  of  Science  Collection. 
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Helodromas  ochropus   (Linn.).* 

Tbrep  Hpecimens  Ttf  the  ^Yvvn  *H!nlpi])iT  were  lakpn 

April  1«. 

Heteractit)*  br«vipei   (Vieill.). 

Tolanus  incanug  Tweeui)alb,  Pr<K-.  Zool.  ^c.   (1H7H), 
Five  Bpeeiniens  in  summer  ijluniase  fr()ni  Tii|j;bilHran, 

inenK  in  winter  plumage,  April  SO  to  May  !), 

ActitiB  hypoleucus  (Linn.), 

Tringoides  hypoleucos  Tweeduaij!,  I'roe,  ZihiI,  Sdc.   ( 
Taken  by  Kverett  in  northern  Bohol ;   not  i^een  by  ns. 

Terekia  einerea  (GlildenE4t.). 

Terekia  einerea  Tweedualb,  Proc.  Zool.  Soc,   (1878), 
Taken  by  S^veiett  in  northern  Bohol ;  not  seen  by  um. 

Glottis  nebularius  (Gunn.),° 

A  ])aii'  fioni  TaKbilai'tin,  i^la.v  H.     Tlip  male  baa  aHHii 

wuintner  liiess  ivliile  tlie  female  is  still  in  ninler  plumage, 

Rhyacophllus  glareola   (Gm.). 
Hhyacophilus  glareoUi  Twi 
Two  siieeiniana  from  Sevilla. 
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Limonites  ruficoliic  a'all-). 

Tringa  albescens  Tweeddale,  Proc.  Zool.  Soc.   (1878),  712. 

Two  small  sandpipers  were  killed  on  May  25  frinn  a  large  flock  which  was 
feeding  about  a  flooded  salt  works  located  a  sliort  distance  east  of  Loay.     These 
specimena  are  in  nearly  perfect  summer  plumage  and  agree  with  tlie  description  of 
tlie  above  species. 
Llmicola  platyrhyncha  (Teinm.). 

Luntcola  pbityrhijncha  TvfXODAi.E   Pioc.  Zool.  Si>c.   (1878),  712. 

Collected  bj  Everett  in  norlhem  Bohfl;  not  seen  by  us. 
Galllnago  gaillnago   (Lmn  ] 

dalhtiaao  tcolopactna  Tweeddale   Proc.  Zool.  Soc.   (1878),  712. 

Collected  bj  Fverett  m  northern  Bohol ;  not  seen  by  us. 
Dlsaiiura  eplscopus  {Bodd  ) 

Melinopelarq«s  eptscopvB  ''teere    List  Phil.  Bds.   (1880),  27.      (Bojol.) 

Bihol  IS  omitted  fiom  tie  (lit  of  Ixalities  given  for  this  species  in  McGregor 
and  Worcester  a  Hand  hat  p  11  I  did  not  observe  the  species  in  Rntiol,  but  many 
of  the  mtnea  told  me  of  it    ani  Celestino,  who  is  familiar  with  the  species,  did 

Pyrrherodias  manlllensiB   (Meyen)  * 

The  Minila  henn  is  well  known  to  the  natives  as  "la-paf."     It  was  common  in 
old  flooded  rn,e  fields  m  the  vicinity  of  Guindulman  where  an  adult  female  was 
taken  June  3 
Ardea  •umatrana  Raffles* 

June  S  a  trip  was  made  to  the  town  of  fogtanR*  on  the  west  coast  five  miles 
from  Guindulman  for  the  purpose  of  visiting  some  small  islands  near  there 
The  islands  proved  to  be  low  and  covered  with  a  heaij  giowth  of  mangroies 
where  except  Ctnnyria  jugwlnm  no  land  bird  was  seen  However,  two  speci 
mens  of  the  great  slaty  heron  were  killed  from  fish  corrals  where  they  had  been 
sampling  the  catch  The  species  is  known  locally  as  "du  flng"  and  is  aaid  to 
appropriate  a  c insiderable  number  of  fish  As  the  natives  have  no  fireaims, 
little  or  nothing  can  be  done  to  prevent  the  depriidations  of  the  herons  The 
following  data  were  taken  from  the  two  birda  mentioned  above  Male,  ins,  red, 
bill  blick  lower  mandible  vellow  near  tip  becoming  white  toward  its  base,  lej^s 
and  claws  blackish  brown  Total  length  67  0  inches;  wing,  19.30;  tail,  7.25; 
tarsus  670  culmen  7  10  Female  length  55  0  wing,  18.0;  tail,  0.40;  tarsus, 
6  00  eulmen  6  45 
Mesophoyx  Intermedia  Wagl. 

Ardea  intermedia  Sieere,  List.  Philip.  Birds   (1890),  26   (Bojol). 

Steere  appears  to  be  only  person  to  have  recorded  this  species  for  Bohol. 
Egrctta  garzetta   (Linn.). 

HeTodiae  garzetta  Tvpeeodai.e,  Proc.  Zool.  Roc.   (1878),  712. 

A  female  from  Tagbilaran. 
Demiegretta  sacra  (Gm.). 

Ardea  jugularis  Steebb,  List.  Phi.  Bds.  (1890),  26. 

The  reef  heron  was  fairly  common  near  Guindulman  and  on  tide  flats  between 
that  town  and  Tagbilaran.  The  name  "tS-bon"  is  sometimes  used  to  designate 
this  species  but  is  usually  applied  to  Bubulcus  coromandus  only. 

'On  a  map  I  find  the  above  spelling  given  but  the  natives  certainly  pronounced 
it  Cug-tflng.  See  Atlas  of  the  Philippine  Islands,  V.  S.  Coast  and  Geodetic  Sur- 
vey, Special  Pub..  No,  3  (1900),  map  23. 
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Nyotlcorax  manlltenils  Vig.' 

An  aduJt  specimen  from  Sevilla,  March   19; 
Bohol  are  pxtremely  afraid  of  a  spirit  wiiich  they  call  the  "euak  cuak"  and  at 
night  they  carefully  close  doors  and  windows  to  shut  it  out.     Wiien  the  night 
lierons  fly  over  in  the  early  evening  uttering  their  weir<i  call  tlie  natives  say: 
"There  is  the  'cuak  ouali,'  be  careful." 
Butorides  Javanica   (Horsf.).* 

Abundant. 
Bubuieus  coromandus  (Bodd  ) 

Bubukus  coron  aTidvs  TwEFDDiLF   Pro     7«l    S        (IhH)      12 

Oateo'  in  his  description  of  the  fummer  plumage  of  this  species  says  The 
whole  plumage  white  evcept  the  head  neck  breast  and  dorsal  plumes  which  are 
rich  golden  buff  In  Philippine  specimens  however  the  dorsal  plumpi  are  mu  li 
lighter  than  the  head  and  of  a  different  color  being  delicate  vina  eous  pink 
washed  with  brown  Sharps'  points  out  this  difference  in  the  following  words 
The  entire  head  neck  throat  and  fore  neck  bright  orange  the  dorsal  plumes  of 
a  distinct  vinous  iienna  with  s  golden  tmge  the  feathers  of  the  fore  neck  also 
tinged  with  the  same  <■  lor 

I  have  heard  natives  relate  a  number  of  fan  iful  tales  respecttig  the  nesting 
habit-i  of  this  species  aime  a\er  that  it  d  es  n  t  lav  eggs  and  other  aay 
that  its  nest  is  to  be  foun  1  only  under  the  nater  An  egg  of  tl  is  speii  s  is 
reputed  to  bring  the  possessor  g  od  luck  and  the  finding  of  a  nest  brings  riches 
t  the  finder  Tht  most  elaborate  Btorv  I  have  1  eard  is  current  among  Tagalogs 
and  runs  as  foliows 

The  ta  gac  ca  la  bae  tnilds  its  nest  in  high  tr  es  oier  water  The  nest  can 
onlv  be  seen  bj  its  reflection  in  the  water  To  secure  in  egg  supposing  jou  lave 
found  a  nest  tlimb  the  tree  al  vays  looking  at  the  aqueous  image  In  this  waj 
you  mav  reaeh  the  nest  and  secure  f  1  e  egf,s  which  confer  upon  the  posseisor  the 
power  of  becoming  invisible 

Several  hundreds  of  these  hirdi  nested  in  a  patch  of  giant  grass  i  ear  Guin 
dulman  The  nests  ejammed  were  flat  and  t  to  10  inches  in  diiraeter  and  were 
supported  by  grass  stems  at  about  8  feet  above  the  water  The  nitiies  rob  this 
colony  several  times  a  year  but  the  ^gs  are  a  poor  article  of  diet  From  a  large 
series  obtained  Tune  13  twenty  eggs  have  been  selected  and  measured  the  lenf,th 
laries  from  1  59  inches  t  1  B6  and  the  «idth  vanes  from  1  20  t  j  1  39  Fiie  eggs 
taken  at  randum  measure  1  S0  bi  I  38  1  88  b\  M3  1  'iZ  by  I  2o  1  7<l  bs 
1  36  1  81  b>  1  20  In  color  the  eggs  are  v  rv  pale  blue  Hun  e  '  giies  intereatint, 
notes  on  the  nesting  hal  its  and  Oates  "  describes  and  figures  eggs  of  this  species 
from  India  and  Ceylon. 


Dendrocygna  arcuata  (Horsf.). 

Dendrocygna  vagans  Tweedualb,  Proc,  Zool,  Soc.   (1878),  712. 

The  "ga-k(t"  occurs  in  small  numbers  at  Sevilla,  Guindulman  and  probably  at 
other  localities  on  the  island  where  conditions  are  favorable. 
Circus  melanole'ucuB   (Forster).*      (Plate  1.) 

An  adult  specimen  of  this  fine  marsh  hawk  from  Sevilla, 

'Bds.  Brit.  Burmah,  London  ()883),  2,  251. 
■Catalogue  Bds,  Brit.  Mus.  (1898),  26,  218. 
•Nests  and  Eggs  Ind,  Bds.  (1890),  3,  247, 
"Cat,  Eggs  Brit.  Mus,  (1902)  2,  130,  pi.  v..  fig.  2. 
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SpilorniE  panayensis  Steere.* 

Tbe  Panay  serpent-eaglit  is  fairly  abundant  anc]  is  well  known  to  the  nativei 
aa  the  "si-cdb."     Sp^rimens  were  obtained  at  Sevilla  and  at  GuiiKiiilman. 

Butaatur  indicus  (Gm.)- 

/lutasttir  indicui  TwEErHiAi.K,  Pi-op.  Zool.  Sue.  (1N7S),  7(19. 

Collected  by  Everett  in  iiortlierii  Boliol ;  not  seen  by  ns. 
Hal  aetus  leucogaster  (Gm.)-* 

The  tthte  bellied  fiali-eagle  was  often   seen  on   the  coast;   one  specimen  wai 
k  lied  o     a  fiRh-corral  at  Guindnlman. 
Hailastup  intermedlut  Gnrney, 

Balast  r     liermedius  Tweeddale,  Proe.  Zi.ol.  Sop.   (IS78),  709;  Stebbe,  Lisi 


EianuB  hypoleucus  Gould  * 

A  single  specimtn  of  tins  kite  \tas  obtained  it  I  uindulman  Ttidei  light 
yellow    bill   bliek    eere   waxyyellow    lpp>  an  I  fiet   bri(.hf    hrone(ell  w     elaws 

MIcrohierax  erythrogenys   (Vigors)  * 

One  male  specimen  from  Gnindiilmnr  Junu  7  Wing  4  +  inches  As  the  innei 
weba  of  the  primaries  are  barred  with  nhite  tint  ^pe<imen  tan  not  be  referred 
to  M.  mendumalts  Grant  ubieh  haa  the  inner  uebs  of  tie  primaries  umform 
black  in  both  sexes  altbtugh  the  latter  species  is  the  one  fn  be  expentei  in  Bohil 
Otus  boholensis  new  species* 

Tj/pe—2  No  1I50O  Bureau  nf  Science  Colleition  SeiiHa  Island  of  Bohol 
P.  I.;  Maicl   31    ItOfi     Celestino  and  Canton    collectors 

DescitpUon  of  type — Crown  nape  and  inter  scapular  area  conspituoualv 
blackish  the  feathers  sparingly  lermiculated  and  notched  with  sandy  buff  basal 
])ortion  of  a  few  feather?  sandf  buff  forming  a  narrow  and  hidden  nuchal 
band;  forehead  whitiRh  the  whitish  marking  continued  as  a  wide  band  over  each 
eye  to  tips  of  ear  tuft«  on  inner  webs  outer  web?  blackish  spotted  with  fulvous 
these  white  bands  more  or  leaa  broken  by  fine  vermiculations  of  dark  brown 
loral  plumes  whitish  with  blackish  tips  ear  coieits  graiiah  xhaded  with  fulvous 
and  narrowly  barred  with  dark  brown  the  hinder  ear  coverts  tipped  with  black 
forming  a  short  band  aide  of  neck  whitish  with  fine  binckiah  cross  lines  and  wide 
blflckiflh  tips  to  the  feathers  behind  earcoierta  an  imperfect  ruff  of  whitish 
feathers  with  wide  feimmal  or  lubtermiml  black  bars  chin  whitiah  feathers 
of  throat  snmewhat  modifieil  in  contrauation  of  the  ruff  breast,  aides  and 
abdomen  rufestent  cinnamon  with  fine  lermnulations  and  irregular  shaped 
median  stripes  of  blackish  brown  each  feather  with  one  or  two  roundish  spots 
of  light  buff  on  each  web  under  tail  coierti  light  sandv  buff  with  a  few  waiy 
blackish  lines  near  their  tipa  legs  sandy  buff  crossed  with  distinct  wavy  blackish 
linea;  feathering  of  tarii  extending  nearly  to  basal  joints  of  toes  primaries  dark 
brown  the  outer  webs  with  large  clear  and  distinct  spots  of  landy  buff  6  in  num 
ber  on  short  first  primary  and  orrespondmg  faint  bars  on  inner  webs  second 
anea,  dark  brown  with  sandy  buff  bars  which  are  someuhat  obsmred  bj  darker 
vermiiulations  the  primary  co\erta  resemble  the  secondaries  and  the  first  quill 
of  alula  IS  marked  like  the  primaries  necrndary  crverts  scapulars  and  back 
vermiculated  with  sandy  buff  light  buff  and  blackish  brown  and  marked  with 
large,  irregular  blacki'h  brown  ?pot8  under  wing  coverts  nearly  white  inner 
ones  uniform  the  outer  buff  mottled  with  blackiah    edge  of  wing  white    tail   dark 
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brown,  mottled  witli  aandy  buff  and  witli  7  ur  8  poorly  defined  bars  of  sandy 
buff.  Wing,  (1.12  inches;  tail,  3.22;  tarsus,  1.18;  culmen  from  base,  0.95;  culmen 
from  anterior  margin  of  cere,  0.62;  ear-tuft,  1.15. 

This  bird  is  clearly  allied  to  Strix  lempiji  Horsfleld  and  doubtless  it  ia  closely 
related  to  Otus  everetti  with  which  it  should  be  compared.     The  type  was  the 
only  individual  observed. 
Cacatua  haematuropygia  (P.  L.  S.  Muller).' 

The  collection  contains  a   specimen  of  the  "a-bflcay"  from   Sevilla  and   one 
from  Guindulman  in  which  localities  it  is  not  uncommon.     From  the  vicinity  of 
Tagbilaran  it  appears  to  be  entirely  absent. 
Prioniturus  discurus  (Vieill.).* 

This  racket-tailed  parrot  was  obtained  at   Sevilla  and   at  Guindulman.     Its 

Tanygnathus  lucionenslg    (Linn.).* 

The  "pi-cfiy"  occurs  in  all  the  forested  areas  but  is  not  ainindapt. 
LorlculuG  worceaterl  Steere. 

LoTumliu  harllaubif  Tweeddale.  Proc.  Zool.  Soc.  (1878),  709. 

Abundant   in   coconut   groves   near   Guindulman.      The    species    in    Boliol    is 
L.  worceateTt  not  t.  apicalis.     Native  name,  "eo-sf." 
Eurystomus  orientaiia   (Linn.).* 

One  specimen  from  Sevilla;  the  species  was  also  observed  near  Guindulman. 
Peiargopsis  gigantea  Walden.* 

This  large  kingfisher  was  rare  in  the  parts  of  the  island  visited  by  us.     Two 
individuals  were  seen  near  the  beach  at  Guindulman  and  a  few  were  observed 
about  fish  corrals  at  the  town  of  Cogtang.     Two  epecimens  were  collected. 
AJcedo  bengalensls  Brigs. 

Alcedo  fiengalensis  TwuEnoALE,  Proc.  Zoo!.  Soc.  (1878),  7t)'J. 

Rare;  one  specimen  from  Sevilla,  March  19. 
Halcyon  gularis   (Kuhl),* 

The  white-chinned  kingfisher  was  not  abundant  but  was  obtained  near  Guindul- 
man and  at  Sevilla. 
Halcyon  wincheili  Sharpe.* 

This  species  is  represented  by  a  single  specimen  taken  near  (iuindulman  on 

Halcyon  ehlorls  (Bodd.). 

Sauropatia  chhris  Tweeddale,  Proc.  Zool.  Soc.   (1878),  709, 

The  "ti-ca-r6]"  was  abundant  in  coconut  groves  and  bamboo  clumps.     Cclestino 

collected  eggs  of  this  species  at  Tagbilaran,  April  26. 


Hydro 

This  large  hornbill   was  abundant  near  Sevilla  but  it   was  not  seen   ir 
vtcinitv  of  Tagbilaran      At  Guindulman  the    eau    wis  often  heard  calling  )i 


notion  to  do  i 


adults  were  i 
drop  and  the 


I  distant  > 

say  that  the  hornbill  calls  on  the   hour    from  which  arioes  its 
reloj  del  monte        Of  course  the  bird  calls  whenever  it  takes  the 

)  with  no  reference  to  the  time  of  day 

ea  of  both  adult  ind  voung  bird>"  was  secured      During  May  the 
almost  perfect  plumage  hut   in   June  the  old   rLCtrieea  began  to 

lew   nhite  tail  feathers  began  to  appear      In  the  adult  the  basal 
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part  of  bill  is  red;  terminal  half  of  upper  mandible  and  two-tbirds  of  lower 
mandible,  white;  irides,  pale  yellow,  legs,  dark  redi  nails,  black iih-brown.  In 
tbe  young  bird  the  bill  is  crestlesa  and  black  with  a  light  yellow  tip;  ir  idea -brown ; 
legs  and  feet,  yellowiah-brown ;  nails,  blackish-brown. 

The  Bohol  specimens  agree  with  the  deaeription  of  H.  semigaliatus. 
Penelopldes  samarensis  Steere.* 

The  "tau-si"  occurs  in  the  same  areas  as  Hydroeorax.     Bohol  apecimenH  agree 
with  descriptions  of  P.  samarensis  and  are  doubtless  of  this  species. 
MeropB  americanus  P.  L.  S.  Mdller.' 

One  specimen  from  near  Tagbilaran  was  collected  May  24. 
MeropB  philippinus  Linn. 

Merops  philippinus  Tweeddale,  Proc,  Zool.  Soc.  (1878),  709. 

Three   specimens   from   Guinduiman  where   this   species   was   frequently  seen. 
Caprimulgus  manillensiB  Walden.* 

A  specimen  of  the  Manila  i,'oat8Ucker  taken   at  Sevilla,   April   24,  does  not 
differ  from  specimens  collected  in  the  islands  of  Mindoro  and  Luzon. 
Salangana  whitehead!   (Grant). " 

A  female  was  taken  at  Tagbilaran,  Klay  12. 
Salangana  troglodytes  Gray,* 

This  small  species  was  fairly  common  in  Bohol  and  was  often  seen  in  com- 
pany with  Salvadori's  swift.  The  native  names  "bll-ta  bOta,"  meaning  a  blind  one 
and  "sai-ati,"  meaning  the  dancer,  are  applied  to  both  swifts  and  swallows  with- 
out discrimination.  It  seema  probable  that  the  former  name  was  originally  used 
for  the  swifts  as  the  word  blind  characterizes  moat  aptly  their  dodging,  erratic 
flight. 
Salangana  rnarginata  (Salvad.)." 

Salvadori's  swift  was  not  uncommon  near  Guinduiman.     On   June  6   it  waa 


found  breeding  in  a  large  cave  and  a  nest  examined  at  that  time  contained  young 
which  were  about  to  fly.     Tn  Bohol  no  groups  of  neats  were  observed  like  those 
already  described  by  me." 
Taehornis  pallidior  McGregor.* 

The  paler  palm  swift  is  the  most  interesting  of  our  finds  among  the  Cj/pselidiE 
of  Bohol.     It  was  first  detected  on  June   18  when  a  few  individuals  were  found 
feeding  about  a  clump  of  bamboo  not  far  from   Guinduiman.     Specimens  from 
Bohol  do  not  differ  from  the  type. 
Pyrotrogon  ardens  (Temm.).* 

The  Philippine  trogon  was  obtained  at  Sevilla  and  at  Guinduiman. 
Hierococcyx  fugax  (Horsf.).' 

One  female  specimen  from  Sevilla,  taken  March  23. 
Cacomantls  merulinus  (Scop.). 

Caeomantis  merulinus  Tweeddale,  Proc.  Zool.  Soc.  (1878),  709. 

This  common  cuckoo  was  obtained  in  various  localities. 
Eudynamis  mindanensis   (Linn.).' 

One  specimen  from  Tagbilaran. 
Centropus  viridis  (Scop.). 

GentTococoyx  viridis  Tweeddale,  Proc.  Zool.  Sou.   (1878),  709. 
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Five  specimens.     A  male  from  Tagbiiaran,  May  2,  has  a  pure,  white  featlier 
on  the  mantle  and  one  wing  feather  |Kirtly  wliite. 
CenlropuB  Javanlcus   (Dumont).' 

Four  speeimenB  from  Sevilltk  anil  from  Guiudulnian.  This  species  has  not 
been  recorded  from  Bohol  althongli  so  given  in  McGregor  and  Worcester's  Hanil- 

Centropus  melanops  LesFion.' 

The  black-eyed  cuckoo  was  abun  Hnt  ^t  VniH  an  1  at  I  umiiilman 
Yungipicus  leytensis  Steere.* 

This  little  woodpiwkpr  is  rej  resented  b\   a  single  male  specimen  taken  near 
Tagbiiaran  on  April  27.     In  Bohol  all  species  of  woodpeckers  are  called    ti  too 
Chryeocolaptea  rufopunctatus  Hargitt* 

Three  males  and  throe  females  were  obtained  in  Bohu)  Steere "  describes 
Chr^3ocolaptes  samarensis  {=  C.  rufopvnclaius)  verj  aptly  as  cunotlslv  intenne 
diate  between  C.  hsematrebon  and  lucidus  having  the  back  of  one  and  the  ventral 
surface  of  the  other,  but  the  crim<ion  marking  of  the  face  separates  it  from  either 

These  three  species  are  of  nearly  the  same  ai/e  but  rufopunctatus   has   tht 
heaviest  and  longest  bill  and  luctdue  has  the  shortest  and  moat  slender  bill      C 
lucidas  ja  ako  distinguished  hj  having  the  lower  mandible  light  vellowtsh  green 
while  in  tht  two  other  speues  the  bill  is  unitonii  black  or  blackish  brown 
Thriponax  pectoraiis  Tueed  * 

Sevilla,  April  17,  one  adult  male  in  full  plumage     Gmnlulman    Mai   30,  and 
June  S   two  adult  malts  in  worn  pluniagt     June  2    one  immature  male  m  gaod 
plumage      In  the  three  adult  specimens  a  nun  b  i  of  feithejs  on  en,  h  side   )f  the 
fnrebreast  hive  narrow  <rimson  tips 
Pitta  erythrogaater  Temm.* 

The  red-bellied  pitta  was  observed  at  Guindulman  only,  where  three  specimens 
were  taken  in  June. 
Pitta  atricapJIla  Leason.* 

The  black-headed  pitta  was  f oi  nd  t    he  abundant  at  all  the  pc '   ta  visited. 

Pitta  steerei  Sharpe.* 

An  adult  male  of  Steere  s  p  tta     as  taken  at  Se    11a  Apr  I  17   an  adult  female 
was  killed  the  next  da^    and  a  si  gl  tlv    mmature  fe  nale   vaa  t  ke     April  7.     At 
Guindulman  but  one  bird     as  seen    i  fen  ^le  ttken  J  ne 
HIrutido  Qutturalia  Se  p  * 

Four  immature  birds  from  Sevilla   Mj.rch  23 
HIrundo  javanica  Sparrm 

Htrttndo  jaianica  Tweeddaul    Proc    Zool    Soc    (1878),  700. 

A  male  and  a  female  from  Tagbiiaran  April  25;  a  nest  containing  three 
heavily  incubated  ^ga  waa  found  July  11  The  nest  was  plastered  to  the  roof  of 
a  small  watenorn  cave  The  eggs  aie  white  dotted  with  reddish  and  blackish 
brown  and  a  few  under  shell  maikings  of  laiender.  The  eggs  measure  0.70  by 
0.49;  0.70  by  0.49;  0.1(9  by  0.49. 
HIrundo  strlolata  Boie.' 

This  attractive  swallow  was  first  observed  in  Bohol  by  Celestino,  who  saw 
several  individuals  at  I-oboc  on  the  Loay  River;  at  Valencia,  May  26,  one  specimen 
was  killed  near  the  churc;h  and  the  next  day  two  were  killed  at  Garcia  Hernandez, 

"List,  Phil.  Birds   (1890),  8. 
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At  lagna  thi  8per.ie<i  »a<i  abundant  in  front  of  the  iliurih  and  several  apecimena 
were  tiken  On  our  arnvil  at  (  uindulmnn  May  28  an  ini^inplete  neat  of  the 
mosque  8»allo»  was  found  "n  a  rafter  under  the  town  hail  The  nest  was  com 
posed  of  mud  with  a  thitk  lining  if  giBa'4  Btenis  mid  bamboo  shavings  upon 
wlinh  were  arranged  a  grHat  numher  of  chicken  featliera  Three  fresh  eggs  were 
taken  from  this  nest  June  II  thej  are  slender  and  rather  sliarply  pointed  at  tlie 
smaller  end  their  respective  measurement*!  in  inches  are  0  8)  bj  OSS  0  88  by 
0.S6;  0.90  by  0.58. 

June  5  a  small  nesting  colony  of  niosque  swallows  uas  found  in  a  wide-mouthed 
cave  near  Guindulman.  About  a  dozen  nests  were  plastered  against  the  over- 
hanging rock  wall  and  20  feet  or  bo  above  the  floor  of  the  cave,  making  it  a  matter 
of  great  difficulty  to  secure  the  eggs  unbroken.  The  mud  nests  were  lined  with 
grass  stems,  coconut-tree  bark,  and  other  plant  fibers,  as  well  as  with  feathers, 
among  which  those  of  Artamides  and  the  domeatie  fowl  were  recognized.  Two 
eggs  obtained  by  means  of  an  improvised  bamboo  ladder  were  heavily  incubated 
and  measure  0.92  by  0.(il  and  0.00  1^  0.61,  respectively.  Ail  of  the  eggs  of  Hirundo 
striolata  taken  by  me  were  pure  white  and  unspotted. 
IHemlchelidon  griaelsticta  (t^winh.).* 

Two  specimens  from  Sevilla,  April  3  and  19,  respectively. 
Cyornis  phllipptnenBiB  Sharpe.* 

Abundant. 
Hypothymia  occipitalis   (Vigors). 

Hypothymis  a^urca-STEEHE,  List  Phil.  Bds,  (IHHO),  Ifl. 

This  pretty  blue  flycatcher  is  represented  in  the  collection  by  two  males  and 

HypothymlB  Bamarensis  Steere.* 

\  mjie  and  two  femiles  fr  m  Seiilla 

Rhlnomyas  ruflcauda    ('^h1rpe)  * 

F  ur  '(pe  imena  collected  are  immature  be  illa  Mj.rrh  20  ipil  9  and  H 
fuindulram  June  12  11  eae  are  in  eierj  vaj  similar  to  adult  hirda  from 
Uasilin  (December  and  January)  but  lores  and  side  of  head  are  mire  or  less 
washed  with  tulveacent  brown  like  the  pileun  In  tl  e  maie  taken  April  9  the 
greater  c  verts  are  tipped  «itl  light  fulvous  wlich  cl  aratter  al«o  aeems  to  tie 
one  of  immatuntj 
Abrornts  olivacea  Mfsele>  * 

One  male  from  &e\illa    Mireh  21     t«o  miles    June  2  ani  11  ani  a  femile 
May  30  from  Guindulman      The  female  was  nesting. 
Rhipidura  nigritorquis  Vigors. 

1  n\gntorqms  Twefddale,  Proc.  Zool.  Soc.   (1878),  709. 

e  name  for  this  common  fiyeatcher  is  "  'ca-la-mang-tlgon," 

a  male  from  Guindulman,  June  12. 

Lalage  niger   (Forater). 

Lalage  dominiea  Tweeddai.e,  Proc.  Zool.  Soe.  (1878),  709. 

Abundant, 
lole  phillppensis  (Gm,). 

lole  phiUppinensis  Steebb,  List.  Phil.  Bds.  (1890),  10. 

The    Philippine    fruit-thrush,    which    ia    very   abundant    in    Bohol,    is   called 
"tug-bi-fl." 
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PolrotophUG  uroGlFctua   (Snlvad.).* 

Eight  specimens  from  various  localities  in  Boliol. 
Pycnonotus  goiavler   (Scop.). 

Ixus  goiavier  Twbbddale,  Proc.  Zool.  Soc.   (1878),  710. 

Pycnonotus  goiavier  Steerb,  List.  Phi!.  Bds.   (1800),  10. 

A  riest  o(  this  species  was  found  at  Guindulmaii  on  May  30;   it  was  gituatoil 
in  a  buTveh  of  tall  grass  in  a  river  bed  and  contained  two  eggs, 
Zosterornis  nigrocapitatH  (Steere).* 

A  male  and  two  females  of  tbe  genus  Znsleiiirnis,  taken  at  Sevilla,  April  18, 
are  referred  to  the  above  species. 
Macronus  m I ndanenals  Steere* 

In  the  V  n  t>  of  Tagb  lara  i  th  ipec  es  a  1  the  repre^ientat  e  ta  lor  \  rd 
{Ortloto  ?  fontala)  o  cur  \  great  abundan  e  In  I  »  br  si  n  ba  nboi 
along  roadfl  and  in  unc  it  vated  land  even  v  th  n  to  vn  these  two  spec  o*"  ^  e 
always  to  be  fn  nd  and  oftei  n  company  Tl  e  M  onus  is  not  a  >"hv  b  rd  and 
1*1  constantly  bu^y  sear  h  ng  for  fo<d  i  the  lover  parts  of  shn.  bs  and  amonf, 
rank  growths  f  weeds  Spec  menu  from  B  hoi  ai,re  s  ze  ind  lo  at  on  v  tl 
pee  n  ens  taken  b  f  len  ens  in  th  Lak  Lii  o  g  M  nd  n  o 
Copsychus  mindanenais  (On  ) 

Abundant, 
Pratlncola  caprata  (Linn.). 

Pratincola  caprata  Tweeddalb,  Proc  Zooi.  Soc,   (1878),,710. 

Apparently  rare;  a  male  from  Sevilla,  March  9  and  a  female  from  Guindulman, 
May  30. 
LocustelU  ochotensiB   (Midd.).* 

One  specimen  from  Guindulman,  May  29. 
AerocephaluB  orientaiia  (Tomm   &  Vh!  )  ' 

Several  specimens  of  a  reed  warbler  found  breeding  near  Guindulman  ire 
similar  to  Icrocephalvs  onenlah^  but  aetm  to  be  quite  distinct  from  tl  e  on  n  on 
form  found  lu  the  Philippines  and  the\  maj  rej  resent  a  local  res  dent  ra  e 
However  owing  to  wy  alight  acquaintance  with  this  family  1  do  n  t  at  riesent 
feel  justified  in  giving  thu  bird  a  name 

Dr  Chas  W  Richmond  has  kindU  examined  the-*e  spe  imenh  and  writes  that 
thej  are  eorrectlj  named  is  our  knowledge  of  them  stands  at  present  I  julge 
from  the  dates  that  the  species  breeds  in  the  Philippines  but  it  winters  there 
also  and  probably  during  tl  e  winter  you  will  hnd  not  onlv  resident  birds  1  ut 
northern  mijrrants  poa&iblj  associated  together  It  you  can  proie  the  resident 
lirds  t  le  smaller  (I  doult  if  anj  color  differences  cin  be  male  ut)  tl  in  the 
migrants  it  miy  be  desinble  to  iic  gnize  them  bv  name 
Orthotomus  frontatis  Sharpe 

Or ( Ao touiK * /ronia it!  Tweeddalb,  Proc   Zool   faoc    (1878),  710 

Very  abundant  in  all  paits  of  the  island  visited  \t  Tagbilaran  the  species 
was  particularly  noticeable  being  one  of  the  commonest  species  obsericd  Tn  a 
young  bird  from  Tagbilaran  Ma^  4  the  foreheid  and  area  about  e^e-  are  gi  >\ 
like  the  crown  the  back  and  winga  arc  less  green  than  m  the  )dult  and  the 
lower  parts  are  pure  white 
OrthotomuB  samarensis  'itcere* 

A  male  specimen  of  the  rare  Samar  tailor  bird  secured  at  Seiilla  -^i  ril  'i 
does  not  differ  from  i  specimen  taken  by  Dr   Mearns  in  Samar 
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Ciiticola  cisticola   (Temni.). 

Ciaticohi  caraitans  Tweeddale,  Proc.  Zool.  Soc.   (1878),  710. 

1  include  thia  species  on  the  authority  of  Tweeddale  a.s  above,  but  no  specimen 
was  taken  by  us. 
Cisticola  exills  (Vig.  and  Horsf.).* 

Four  male  specimens  from  Bohol  agree  with  Shiirpe'a  description  of  Cisticola 
exilis  in  breeding  plumage  and  must  be  referred  to  that  species.     The  native  name 
is  "pl-rot." 
Megaluruc  palustris  Horsf,' 

Fairly  ahunilant  in  all  localities  visited  by  us.     An  immature  male  in  yellowish 
plumage  was  taken  near  Guindulman,  June  IG. 
Mcgalurus  ruficeps  Tweed 

IfeffOfurus  rufkeps  brEEsi!.   List  Phil.  Bda.  (1800},  20. 

A  male  frim  Seiilla   April  2 
Acanthopneuste  borealia   (Bias.).* 

One  specimen  of  the  northern  wilioiv  warbler  from  Tagbilaran,  May  4. 
Artamus  leucorhynchua   (Linn  ). 


Cephalophoneus  nasutus  (Scop.). 

Lamus  nasutus  Twefddall   Proc.  Zool.  Soc.   (1878),  709. 

Very   abundant     almost   invariably   found   perched   near   the   top   of   bamboo 
clumps 
Otomela  luclonensia   (Linn  ) 

Lamvs  iuoonejwi*  Twebiidalii..  Proc.  Zool.  Soc.  (1878),  70». 

The  four  specimens  collettpd    March  20  to  April  24,  are  typical  examples  of 
0   lucionensis 
Hyloterpe  apoenais  Mearns  * 

<  rant  '  m  reporting  on  a  enlleclinn  of  birds  from  Mindanao  includes  the 
thickhead  of  bamar  I  eyte  Dinagat  and  Btsilan  nith  the  species  recently  described 
from  Mount  Apt  Mindanao  Eleven  specimens  from  various  localities  m  Bohol 
agree  m  every  wa\  with  a  male  n  tl  e  Burea  i  f  Science  collection  which  was 
taken  on  Mount  Apo  bi  Mearns  Between  Hyloterpe  apoemw  and  H  phtttp 
ptnenata  the  most  obvious  dilferences  are  the  longer  hill  and  duller  green  back 
of  the  latter  species 
Rbabdornia  minor  Grant  * 

n  IS  species  is  ven   distinct  from  R    ti  ygtaraltt    having  a  much  shorter  bill 
Tie  species  Has  foui  d  in  somt  abundance  at  Spiilla  and  at  Guindulman      Speci 
mens  from  Bohol  aid  from  Basilan  do  not  dilfer 
Zosterops  laeta   sp   nov  * 

Sperxfic  characiers — Similar  to  Zoaleropa  baatlantea  Steere  but  more  yellowish 
above  ani  the  forehead  and  ear  coverts  bnghter  from  7osteTops  enerefit 
Tweeddale  it  d  ffers  in  lacking  a  black  line  under  the  eve  and  in  having  a  much 
wider  median   abdominal    yellow  streak 

Type— ho  5407  ^  Bureau  of  Sfienee  C  )l lection  Cuindulman  Island  of 
Bohol   Philippines    June  ^1    ISOf     Mcdregor   Celestino  and  Canton   collectors 

"  On  the  Birds  collected  by  Mr.  Walter  Goodfellow  on  the  Volcano  of  Apo  and 
in  its  vicinity,  in  Southeast  Mindanao,  Philippine  Islands:   Ibis   {1906),  6,  475, 


Hosted  by  Google 


330  m'geegor. 

Desoiiplion  of  (ype.— Above,  bright  yellowish-green,  brighter  and  more  yel- 
lowish on  forehead  and  tail  coverts;  top  of  head  a  little  brighter  than  bai'k,  wings 
and  tail,  blackish-brown  edged  with  yellowish-green,  e<^  of  wing,  sulphur  yellow; 
wing  lining  washed  with  yellow;  a  circle  of  ailkj  white  feathers  about  eye;  no 
dusky  spot  on  lores  and  no  dark  line  under  eye;  entire  side  of  head,  yellow  like  the 
crown;  below,  sulphur-yellow,  except  sides  of  breast  and  sides  of  abdomen  which 
are  ashy-gray,  lighter  next  the  wide,  median,  yellow  stripe.  Lenght,  4.T  inches; 
wing,  2.36;  tail,  1.70;  tarsus,  0,64;  exposed  culmen,  0,40. 

The  female  is  scarcely  different  from  the  male 

This  species  wa^  found  m  abundance  at  SeviUa  and  at  Guindulman      Whilo  of 
the  same  stvie  of  coloration  aa  7   ettnlli  and  Z   Jxnilanica  the  prcgint  speiiLa  is 
quite  distinct  from  either 
Dlcseum  papuense  (Gm  )  * 

This  common  apeciis  wag  abundant  in  all  partn  of  Bohol  \.  luung  male  faktn 
June  25  iH  dull  blackish  biown  abo\e  and  pule  gia>  belo«  with  no  red  m  center 
of  breast  A  neat  containing  three  Sreth  eggs  was  taken  near  Guindulman, 
June  18  The  nest  is  Si  inches  in  length  with  a  diameter  of  2  inches  it  i" 
cylindrical  in  form  with  the  opening  at  the  top  and  aide  The  materials  are 
small  bits  of  leaiea  fastened  ti^ether  by  means  of  spider  web  The  eggs  are 
palest  blue  with  small  spots  and  points  of  lilac  and  light  brown  scitfered  over 
the  surface,  but  the  markings  aie  moet  numerrus  on  the  larger  end  in  one  eg^ 
the  spots  are  larger  and  form  a  wreath  neir  the  Ijiger  end  The  eggs  are  lerj 
short  and  blunt  but  not  equal  ended  Thej  measure  (J  'IS  b^  0  46  0  57  b> 
0  47,  0  51  by  0  46 
Dicseum  everetti  Tweed-* 

Three  male  birds  taken  at  SeviOa,  April  5  to  18,  are  probably  of  the  above 
species  hut  they  require  comparison  with  specimens  from  other  islands. 
Dicaeorn  cinereigulare  Tweed.* 

A  fine  series  of  orange-breasted  ftowerpeckers  from  Guindulman  are  very 
satisfactorily  identified  as  of  the  above  species,  but  unfortunately  no  typical 
specimens  are  at  hand  for  comparison- 

DicKum  pygmasum   (Kittlitz).' 

Very  abundant, 
Pr'onochllus  oivaceus  T    eed* 

A  fe  nale  h  rd  t  ke     at  Sev  lia   Apr  I  7    d  fie        n  no  »a     fr  m  a    pec  men 
taken        Bas  Ian  and     n  1     btedh  belongs  to  tl  e  abo  e  spe    es 
Prlonocli  lus    nexpectatus  Harte  t  * 

A  male  fron   C     nd  Ima      Ju  e  4   ag  eeg  closel         tl   Ha  tert  b  descr  pt  o     of 
this  spec  eg      and    s  s  n   !ar  to  a  spec  men  from  Mar  yeles      The  above  male   vas 
the  onl      nd  v  dual  of  the  spee  es  see     in  Bohol 
Eudrepania  decorosa    sp    no    * 

^per  fie  cha  acte  a — Tl  s  spec  es  d  ffers  from  ,Eud  panwp  Uhe  no  (Sharpe) 
and  from  E  jeffe  v  C  rant  he  ng  much  paler  I  elow  in  want  g  tl  e  red  breist 
patch  which  H  represented  by  a  few  red  spots  onl  and  n  hav  ng  the  wing 
coverts   ta  1   and  upper  ta  I  coverts  raetall  c  blue    nsteal  of  metall  c  gree 

Tj/jie— ^o  5''55  cf  Bireau  of  Science  Collect  o  C  nd  In  an  Island  of 
Bohol    P   I      June  4    1906     M  Gregor   Celest  no   a  d  Cinio      collectors 

DeacTtpt  on  of  typ  — ^lorehead  back  to  pp  a  te  cente  o£  eye  n  etall  c  bl  e 
m  xed   vith  violet      rown   neck   s  des  of  ne  k  and  n  antle   cferk  "  een    run  p   pale 

"Nov.  Zool.   (189S),  2,  64. 
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yellow;  lores,  velvety  black;  jaw,  cheeks,  imd  e«r-eoveit3,  metallic  blue;  chin, 
throat,  and  breast,  pale  yelluw,  leduced  to  a  light  yellow  wash  on  nbdomen,  flanks, 
and  under  tail-coverts;  middle  of  breast,  marked  with  a  few  small  spots  of  scarlet; 
wings,  black;  primaries  bordered  with  white  on  inner  webs  and  with  no  metallic 
color;  all  the  wing-coverts  and  the  aei'ondaries  widely  margined  with  metallic 
blue,  mixed  with  a  little  dark  metallic  green;  tail,  black,  upper  tail  coverts  nlid 
e<^s  of  retrices,  metallic  bine  mixed  w-itli  dark  metallic  green.  Bill,  tegs,  and 
claws  black.  Length  in  flesh,  3.8  inches;  winjf,  l.t>0;  tail,  0,07  cnlmen  from  base, 
0.72;  tarsus,  0.55. 

Female. — No.  1140B,  Bureau  of  Science  Collection;  Sevtila,  Island  of  Bohol, 
P.  I.;  March  23,  1S06;  Celestino  and  Canton,  collectors. 

Uitfers  from  the  female  of  Eudrepants  jejferyi  in  having  the  rump  patch  much 
lighter  yellow.  Upper  parts,  including  wings,  olive-green ;  top  of  head,  (nixed  with 
dark  gray;  rump  pale  yellow;  retrices,  blackish  with  margins  of  dark,  metallic 
green;  chin,  throat,  breast,  face,  and  sides  of  neck,  whitish  with  a  slightly  streaked 
appearance  from  the  duaky  shaft  lines;  rest  of  lower  parts,  very  pale,  yellow. 
Length  in  flesh,  3.5  inches;  wing,  1.72;  tail,  0.88;  culmeu  from  base,  0.72; 
tarsus,  0.51. 

EudTOjiania  pulchtrrinia  was  described  as  an  ^thvpyga"  with  the  suggestion 
that  it  was  probably  generically  distinct.  The  type  locality  is  Basilan  and  the 
species  is  rcpresentpd  in  the  Bureau  of  Science  collection  by  two  males  taken 
near  Isabcla,  Basilan,  January  10  and  28,  1907.  In  181)4  Grant"  Jeacribed  a 
second  species  from  Benguet  Province,  Luzon,  as  L'udrepanis  je^eryi  with  the 
following  characters:  "The  patch  of  metallic  feathers  behind  the  eye  is  steel-blue 
instead  of  green;  the  outer  webs  of  the  secondaries  and  scapulars  are  widely 
margined  with  metallK  green,  not  olive-green ;  and  the  scarlet  patch  on  the  middle 
of  the  upper  breast  is  more  conspicuous." 

A  series,  some  20  specimens,  of  this  species  was  obtained  by  me  at  Irisan, 
Benguet,  in  April,  May,  and  June,  1003.  The  most  imiwrtant  of  the  cliaracfers 
assigned  seems  to  be  the  metallic  green  of  the  secondaries  but  the  size  of  the 
scarlet  breast  patch  varies  in  specimens  from  the  same  locality  and  in  the  series 
before  me  it  does  not  differ  in  the  two  species.  In  E.  derorosa  the  patch  is 
absent  and  represented  by  a  few  scarlet  dots.  I  may  note  that  the  feathers  form- 
ing the  patch  are  red,  with  rather  wide  yellow  tips,  so  that  the  patch  always 
appears  broken;  the  feathers  are  not  edged  with  red  as  stated  by  Gadow."  I  have 
stated  that  the  yellow  of  throat  and  breast  in  Eudrepanis  jefferpt  and  .^Ihopyga 
rubrinota  is  of  about  the  same  aliade;  in  Budrepanis  deeorosa  the  yellow  is  much 
paler,  about  as  in  iEthopyyo  shelleyi.  Specimens  of  this  very  distinct  species  of 
sun-bird  were  obtained  at  Sevilla  in  March  and  at  Guindulman  in  June. 
Cinnyria  aperata  (Linn.),* 

Several   specimens  from   Guinduiman   and  Tngbilaran. 
Cinnyria  jugularis  (Linn.). 

Cyrtostomus  jugularis  Twebtdale,  Proc.  Zool.  Soc.   (1878),  710. 

This  sun-bird  was  abundant  in  all  parts  of  Bohol  and  as  usual  was  found  feed- 
ing in  coconut  trees  as  well  as  in  forest  and  among  the  trees  growing  along  rivers 
which  make  up  the  general  tangle  known  as  "mangle."  The  native  name  is 
"tam-si,"  In  the  series  of  males  collected  there  is  considerable  variation  in  the 
color  of  the  breast  ranging  from  pure  yellow  to  bright  orange. 

"Sharpe:   Nature  (1876),  14,  297. 

"Ball.  Brit.  Ornilh.  Club   (1894),  3.  50;  /6ia   (1894),  513. 

"Cat.  Bds.  Brit.  Mus.   (1884),  9,  31. 
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Arachnothera  flammJfera  Tweed.* 

The  flame-tufted  spider-hunter  was  observed  at  SeviMa  only,  where  four  males 
were  taken,  March  27  to  April  18. 
Motacllla  metanope  Fall.' 

A  specimen  from  Sevilla,  Ai>ril  5. 
Bud/tee  [eucostriatus  Horn. 

Budylea  viridis  Twebddale,  Proc.  Zool.  Soe.  (1878),  710. 

Taken  by  Everett  in  northern  Bohol;  not  seen  by  us. 
Anthus  rufulua  Vieil). 

Corydalla  lugvbris  Tweeddale,  Proc.  Zool.  Soe.   (1878),  710, 

Anthus  Tufuliia  Stbebb,  List  Phil.  Bds.   ( 1890) ,  21. 

Abundant  in  all  suitable  localities, 
Anthus  gustavl  Swinh.' 

This   species   was   observed  at   Sevilla   only,   wlitre   a   male   and   two   females 
were  taken  in  March. 
Alauda  wattersi  Swinh. 

ila-uda  wallersi  Tv/tsmiALE   Pr  «■   ^ool.  Soe.   (1878),  710. 

A  male    probably  brewiing    was  killed  on  a  grassy  plain   near  Guindulman, 
Tune  B 
Munia  Jagorl  Martens 

Munta  jagoti  Tweeuoale   Proc   Zool   Soe.  (IS78),  7)0. 

Murw  oineopiiio  Steere,  List  Phil   Bds.  (1800),  23. 

The  ma  J  a  (English  wund  of  j)  occurs  in  great  numbers  ani^  aft^r  the 
nesting  season  congregates  m  flocks  wl  en  it  inflicts  much  damage  on  standing 
nee  With  a  load  of  number  12  sh  t  29  birds  were  killed  from  a  small  flock 
without  causing  inv  apparent  deereaie  m  its  size;  the  larger  flocks  must  wntain 
several  hundred  indiiiduals 
Urolonclia  everetti   (Tneed  )  * 

Rare  in  the  localit  es  visitfd  li   u^     one  specimen  from  Sevilla  and  another 
from  Guindulman. 
Orlolus  chinensiB  Linn, 

BToderipus  anrorftyncftus  Twee»dale,  Proc.  Zool,  Soe,   (1878),  710, 

At  Tagbilaran  and   Sevilla  the   name   "tu-li-hac'i"   is   applied   to   this   s[)ecies, 
while  in  Guindulman  it  is  better  known  as  "da-mud-laO,"  and  the  latti'r  name  was 
heard  at  Garcia  Hernandez. 
Dicrurue  striatus  Tweed  • 

Abundant   in   all    suitable   Iwalities     Two   young,   each    8    inches   in    length, 
from  Sevilla,  April  8   differ  from  the  adult  in  having  top  of  head  dead  black  and 
under  parts  dark  smoky  brown  with  no  gloss.     A  somewhat  larger  young  bird 
(9,2  inches)   was  taken  at  Guindulman    June  1. 
Sarcops  melanonotus  Grant* 

Sarcops  calvus  McGbeoob  *nd  UomE^iTEH,  Hand-list  Philippine  Birds  (1900). 
100  (part) 

iSa'cojw  niefcrnfrtioiiis  Grant,  Ibis  (1008)    "er   8   6,460 

Birds  from  Bohol  belong  to  the  newlj  described  race  harcopa  metanonotua 
Grant,  yet  some  indii  [duals  from  that  island  are  «earce)(  to  be  listinguished  from 
true  S  callus  The  two  races  ol  bald  starlings  pteaent  somewhat  the  same  dif 
fteulty  as  do  Cinnvrvi  aurora  and  (  jagularia  there  being  islands  in  which 
the  birds  aeem  to  be  intermediate  between  the  well  marked  extremes      In  certain 
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it  nil  the  individuala  cHn  b»  refRrred  to  one  race  ao  tliat  w 
I  and  birds  intcrn]*>dtat«  between  them  existing  i 
area.  The  dimenaioiiH  of  Sarcops  vary  considerably  and  appear  to 
of  distinguishing  between  the  two  races. 

iteaa'trfiwnln  of  Sarcojui  mtuux,  Jive  inokH,  and  Sarcops  mdnnunolvi,  i 


Species. 

Wing. 

™,. 

Bill  (rom 
nostril. 

0.77  to  0.90 
0.76  toO.87 

»„ 

4.8S  to&.lK 
S.0O  to6.3S 

4,20  10  4.70 
4.  M  to  4, 97 

1.14  to  1.24 

Lamprocorax  panayenBia    (Scop.). 

Coiornis  ponai/PBSta  TwrBDDALE  Proc  Zool  Soi  (I878I  710 
The  Panay  starling  flourislica  in  great  numbers  uciier  the  native  name  of 
"ga-lang-ai-ang'  in  Tagbilaran  several  dozen  were  ne'ftmft  in  the  roof  uf  the 
provincial  government  building  and  at  Guindulman  four  mdmduftla  spent  their 
time  in  carrying  nesting  materials  into  the  end  of  the  bamboos  on  the  roof  of 
a  town  house.  June  15  a  colony  of  several  pairs  was  discovered  in  the  creiicen 
of   a   small,   coral  rock   island      The   onl*    acee>""ihle   nett    contained   three   full 


grown  young 


which  left  the  nest  when  disturbed 


e  of  these  ended  h 


a  the  water  and  was  immediately  picked  up  b>  a  watchful  Haltastvi 
Corone  phllippina  (Bp.). 

Corpus  pAiJipptnus  Iweeddale,  Proc.  Zool.  Soc.   (1878),  710. 
The  Philippine  crow  occurs  in  Boliul  in  its  usual  abundance  and  one 
from  Tagbilaran  was  preserved.     "Uak"  is  the  only  native  name  I  have  e' 
fi'r  the  erow  and  that  is  the  name  used  in  Boliol. 


.  flight 
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ILLUSTRATION. 


Plate  I.  Circ;iia  melanoleupus  (Forster).     From  a  living  bird  taken  near  Manila. 
Photograph  by  Charles  Martin. 
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THE  BIRDS  OF  BATAN,  CAMIGUIN,  Y'AMI,  AND  BABUYAN 
CLARO,  ISLANDS  NORTH  OF  LUZON. 


INTRODUCTION. 

Tho  results  of  tlie  atudy  of  a  ww'ond  collection  of  birds  from  some 
of  the  small  islands  north  of  Lnzon  are  presented  in  this  paper.  In  190;t 
the  author  and  his  assistant  visited  Fuga  and  Calayan  in  the  Babuyan 
group  and  secured  a  number  of  interesting  species.'  In  May,  1907, 
through  the  courtesy  of  Major-General  Tx'onard  Wood,  we  were  able  to 
reach  the  more  remote  Island  of  Batan.  From  May  27  to  June  10 
collections  were  made  on  this  island.  On  June  1  Governor- Genera! 
Smith  visited  Batan  in  the  steamer  Polillo,  and  as  temporary  members 
of  his  party  we  spent  a  short  time  on  "*'"'  \mi  June  17,  and  a  few  hours 
on  Babuyan  Claro  June  18.  On  June  ±9  we  landed  at  Port  San  Pio, 
Camiguin,  where  we  remained  until  July  31  when  we  left  for  Aparri  by 
native  sailboat.* 

Batan,  the  largest  and  most  important  of  the  Batanes  group,  is  34 
square  miles  in  area  and  is  situated  some  135  miles  north  from  Cape 
Engaiio  on  the  Luzon  coast.  Its  surface  is  broken  by  several  groups  of 
low  mountains ;  the  highest  peak  is  Mount  Iraya,  3,800  feet.  This  island 
is  swept  for  nine  months  of  the  >ear  b\  strong  wmds  and  tvphooni  which 
prevent  the  growth  of  trees  except  in  the  protection  of  deep  gulches  \ 
great  variety  of  resident  tirds  was  not  expected  nor  found  but  several 
of  the  species  are  ol  great  interest  It  is  worthy  of  note  that  such 
ubiquitous  Philippint  species  as  Lorone  phthpptna  Onolus  chinensis 
Sarcops  calvus  and  PyiMonotvs  gouiiner  are  wanting,  while  the  families 
Psittacidte,  Picidse,  Dicreidte,  Nectariniidre  and  others  are  unrepresented. 
Sphenocereus  amtt-alis  and  Macropygia  phcea  are  found  in  both  Batan 
and  Calayan  while  Zosterops  batanis  and  Hppsipetea  batanensis  are  rep- 
resentatives of  species  found  in  Calayan.  However,  nothing  like  either 
Centropvs  carpenUri  or  Terpsiphone  nigra  is  known  from  Calayan. 

■See  Bull.  Philippine  Bus.  (1904),  4,  ]-.'!4. 

'Mr.  A.  Celestino,  tuiBistant  collector,  and  Mr.  E.  Fenix,  botanist,  were  with 
me  on  this  entire  trip,  Mr.  H.  G.  Ferguson,  geologist.  Bureau  of  Science,  visited 
these  islands  at  the  same  time  Reportn  on  the  geology  and  botany  of  Camiguin 
and  Batan  will  appear  in  a  later  number  of  the  Joi'bnal, 

60053 e    '  ^^^         .    . 
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Camiguin,  while  more  mountainous  than  Bataii,  is  for  the  most  part. 
heavily  wooded  and  it  seemed  rosBonable  to  expect  a  much  greater 
number  of  species  tlian  were  found.  Camiguin  has  an  area  of  61  square 
miles  and  is  about  35  miles  distant  from  Cape  Bngano.  Its  avian  fauna 
bears  a  resemblance  to  that  of  Calajan  in  the  presence  of  Cinmjiis 
wkUeheadi,  Pardaliparus  eAitlia,  and  Sjihenocercux  au^trdlis,  but  its 
Zosterops  is  not  of  the  meyeni  group  and  the  new  flycatcher,  Carmgu-inia 
porsovata,  is  not  represented  in  Calayan  by  any  related  species.  The 
common  Philippine  crow,  Gorone  phiiippina,  docs  not  occur  in  Camiguin. 
Two  species  of  swift,  Cypselvs  pacifcws  (Tjath.),  from  Batan  and 
Camiguin  and  Cypsdus  subfurcatvs  Bljtli  from  Camiguin  are  new  to 
the  list  of  Philippine  birds.  One  genua  and  seven  species  arc  here 
described  as  new  as  follows: 

.  Sphenocercus  australis,   Batan,  Calayan,  Camiguin. 

Terpsiphone  nigra,  Batan,  Y'Ami. 

CamPguinia,  new  genus,  Camiguin. 

Camiguinia   personata,  Camiguin. 

Hypsipetes  camigulnensis,  Camiguin. 

Hyloterpe  ili«x,  Camiguin. 

Zosterops  batanis,  Batan. 

Zosterops  meyleri,  Camiguin. 

THE  BIRDS  0¥  UATAN'. 

Excalfactoria  iineata   (Scop.). 

A  pair  killed  in  a  field  of  young  sufjar  cjune  on  Jiiue  Vi. 
Sphenocercus  australis  sp.  nov.  ~ 

This  species  is  not  abundant  on  Batan ;   the  few  specimens  obtained  do  not 
differ  materiallj'  from  those  taken  in  Calayan  and  Camiguin.     The  native  name 
is  "ft-ri-da-llang." 
Leucotreron  leciancheri   (Bp.) 

Not  common;  an  adult  male  was  taken  May  31. 
Columba  griseigularls   {Walil.  and  I^y.). 

Large  numbers  of  tbis  dove  are  taken  by  means  of  birdlime  and  sold  to  persons 
visiting  the  island.  The  local  name  of  the  species  is  "ha-duc'."  An  adult  example 
taken  by  us  does  not  differ  greatly  from  specimens  from  other  islands.  Length 
17.0  inches.  Base  of  bill,  eyelids,  and  bare  spate  around  eyes,  deep  rose-pink; 
tip  of  bill  very  paJe-yellow;  irides,  j-ellow;  feet,  dark-rose,  leaden-gray  between 
the  scales;  nails,  pale-yellow. 

Maeropygia  phaea  McGregor. 

A  male  was  taken  May  2i).  Length,  ie.5  inches.  Tip  of  bill,  brown,  basal 
part  dull-red;  legs,  bright-rose;  nails,  gray;  irides,  double  ringed,  inner  ring  pale- 
blue,  outer  light  reddish  with  black  line  between  the  two  rings.  A  nest  and 
egg  were  found  half  way  up  Mount  Irnya  on  June  12.  The  nest  was  a  slight 
platform  of  twigs  placed  ten  feet  from  the  ground  in  a  dwarfed  and  twisted 
tree-  The  slightly  incubated  egg  measured  1.45  by  1.05;  it  is  pure  white  and 
un^Kiited, 
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Chalcophaps  indica   (Liiiii.)' 

I  believe  no  specimen  "i  tlii«  liuve  wiis  killed  bnt  it  «a»  fieeii  nc 
olose  range, 
Amaurornis  olivacea  (Afeyeii). 

CharadriuB  fulvus   (Gm.). 

Seen  but  onee,  on  Mn.v  29,  when  nn  inciividllitl  wn«  llnslipcl  nun 
B»»eo. 
Ochthodromus  geolfroyi   (Wngl.). 

A  male  and  a  female  in  siiiiimei'  |(liiiinLge  ueie  taken  Mny  21). 

II  May  20. 


Heteropygia  acuminata   (Horaf.). 

A  female  taken  Hay  2!)  had  tlie  ovaries  Moinewli 
liut  lif,'liter  at  liaac;  leRs,  d ull -green ;  nails,  black, 
tail,  2,15;  tarsus,  1.12;  middle  toe  with  claw,   l.in. 


Demiegretta  sacra   (Gm,). 
A  solitary  bird  was  Heen  J 


Alcedo  bengalensi: 

Very  rare;  seen 


Salangana  whitehead!    (Grant). 

A  female  taken  Jane  R  was  tlie  only  individual  of  tlie  tjenus  noted.     This  may 
be  the  recently  described  VoUoealia  ittiicofoi-  amnUs.' 
CypseluB  paciflcus   (Lath  ) 

.Iftcropus  poci/icus  Harth-bt   <  at   Bd«   Brit    Mus.   |18«2),  16,  448. 

When  we  landed  at  f^nnto  Domingt  de  Basto  May  37,  this  swift  was  abundant, 
feeding  low  over  and  ab'  ut  buildings  The  Hpetiea  wan  rarely  seen  again  until 
Juoe  2  when  a  tew  specimens  »ere  taken  in  the  town.     They  UBUally  appeared 

=  See  Oberholser,  Proc.  I'ktt.  A<!ad.  Sci.   (1800),  193. 
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after  a  lieB>j  ram  doubtless  folloivinff  the  swarms  of  winged  ants  and  termiteH. 
file  mouths  of  specimens  kiUed  «ere  crammed  with  these  in^tts  Mhen  we 
climbed  Mount  Ira'va    Tune  12    its  summit  nas  covered  »ith  clouds    and  large 


flocks  of  Bwifts  were  feeding  abov 


the  ■ 


u  300  feet  loner 


dark  ring;  eyelids, 
e  nail  dusky;   bill, 


Cuculus  canorus  Linn. 

A  female  was  taken  June  2.     Irtdes,  clay  eolur  with 
yellow;   legs,  nails  and  comers  of  mouth,  yellow;   mid 
black  above,  dark-green  below.     Length,  11.5  inches. 
Centropua  earpenteri  Mearns. 

This  species  is  nearly  identical  with  C.  niwirfofeiisis.  I  find  no  eoi 
difference  in  color  and  the  difference  in  size  is  sliglit  and  variable.  It  is  re 
able  that  two  species,  so  nearly  related  have  such  widely  separated  habitats. 


of  Centropus  w 


Sen. 

Locality. 

n„,        w, 

ig. 
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Mar   1«,1905        6 

14 
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V 
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9 

do 
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9 

do 
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rC 
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f 

Maj  30,1907  1      ; 

2B 

V 

June    1,1907  1      : 

9 

e 

25 

o" 

,58 

1 

Centropus  javanicus   IDun  ntl 
■i  female  taken  Mij  2R      tfaiive  n 


Fairlv  atuniant   ( 


e  tjken  Mu 


') 


HJrundo  stnolata   IB  le 

On  June  14  -iome  10]  piui  uf  tie  mo^ique  swa 
wave  worn  tunnel  near  San  Carlos  Batan  Island, 
and  composed  of  mud  A  few  birds  of  this  species 
with  Cvpeelus  paetficus 


•  were  found  nesting  in  a 
!  nests  were  bottle  shaped 
e  usually  seen  in  company 


Terpslphone  n  gra  sp 

Type— No  6J96  <? 
nes   Philippinen    May  ■ 

Description  — Bladi 
white  tinder  tail  cover 
edges  wings  and  tail 
Irides  brown  btlt  legs 
inside  uf  mcuth  pale 
central  reetnces  11  1 
pair  of  reetnces  2  95 
0.60     middle  toe  with 

Tl  e  alK  ve  described 
fully  adult  plumage 


n  1       (Pis   I   II  and  HI.) 
adult     Bureau  of  Science  Collection;  Batan  Island,  Bata 
30    lit)      S   (.    McGregor  and  A.  Celesttno  collectors. 
With  a  slight    purplish    blue  gloss>   middle  of  abdomen, 
■ts   black  with  white  bases  and  tra^^es  of  clay-brown  along 
black  with  some  purplish-blue  gloss  on  exposed  margins, 
ide  fleshv  eve  wattle,  bright  blue;  nails,  paler  blue; 
green      Total   length    in    flesb,    15.1    inches;    wing,   3.58; 
second   pair   of  reetnces,   5,17;    outermost  and   shortest 
culmen  from  base    07'i;   bill  from  nostril,  O.BO;   tarsus, 
claw    0  60     longest     re'^t  feathers  about,  0.60. 
speoimen  seems  to  lepresent  the  male  of  this  species  in 
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Kearly  aiivlt  waie.— No.  0411  Bureau  f  Stieiice  (  ollecti.in;  Batan  Island; 
June  1,  1907;  McGregor  and  Ole'^tin 

Descriptitm. — Similar  to  the  preceding  1  ut  notae  feati  era  of  lower  back  and 
a  few  of  the  inner  remiges  edged  with  chestnut  middle  of  lower  breast,  axillariei, 
and  lining  of  wing,  mottled  with  white  abdomen  white  under  tail-coverts,  terra- 
cotta-yellow with  amail,  duaky  patdici  Total  length  in  ileah,  14.8  inches;  wing, 
3.50;  tail-feathers:  longest,  10.5  second  5  0  shortest  3  15;  culmen  from  base, 
0.74;  bin  from  nostril,  0,5;  tardus  0  O'j  mi  Idle  toe  with  claw,  0.65;  longest 
crest  feathers,  0.64. 

Adult  male  first  year. — No.  637i  Bureau  of  Science  Collection;  Batan  Island; 
May  29,  1907;   McGregor  and  Celestinj  collectors 

Description.^ — Head,  neck,  throat  and  breast  glossy  black;  mantle,  back,  and 
rump,  briglit-chestnut ;  upper  tail  c  verts  cl  estnut  and  glossy-black  (mixed  plum- 
age) ;  lower  breast,  gray ;  abdomen  white  flanks  dull  cleatnut;  under  tail -coverts, 
white  washed  with  terra-cotta;  alula  primaries  and  primary  coverts,  blackish- 
brown;  primaries  and  secondary  coverts  edged  with  chestnut;  secondaries  edged 
with  rusty  brown;  rectrices,  dark  brown  slightly  chestnut  outer  pair  minutely 
tipped  with  white.  Length,  7.5  inches  wing  S  34  tail  3  ?B;  outermost  rectrices, 
2.82;  culmen  from  base,  0.73;  bill  fr  m  nostril    050 

Adult  female. — No.  0494,  Bureau  of  Science  Collection  Batan  Island;  June 
10,  1907;  McGregor  and  Ceiestino 

Description. — Differs  from  the  adult  male  first  jear  in  having  mantle,  back, 
tail-coverts,  and  secondary  covert?  reddish  brown  instead  of  chestnut.  Length, 
7.5  inches;  wing,  3.37;  tail,  .^.44  uterm  ist  rectrices  2  02;  culmen  from  base, 
0.78;  bill  from  nostril,  0.50.  Another  female  (No  fl49(i)  is  duller,  having  the 
mantle,  back,  and  rump  decidedly  grayer  Length  7  4  inches;  wing,  3.34;  tail, 
3.48;  culmen  from  base,  0.66;  bill  from  nostril   04(1 

First  plumage. — No.  6394  J;  Bureau  of  ""pcience  (ollection;  Batan  Island; 
May  30,  1907;  McGregor  and  Ceiestino. 

Description. — Above,  dull-brown;  top  of  head,  back,  and  tail,  dull  reddish- 
brown;  post  ocular  band  dull-ocherous ;  chin,  throat,  and  breast,  gray,  the  latter 
crossed  by  an  ocheioua  band  lower  breast,  abdomen,  and  under  tail  coverts,  white, 
slightlj  washed  with  ocherous  wings,  blackish,  primaries  edged  with  dull  reddish 
brown,  primarj  coverts  blackish,  secondaries  and  secondary  coverts  edged  with 
dull  rusty  ocherc  us  taking  tlie  form  of  terminal  spots  on  median  coverts  Bill 
dull  brownish     legi  pale  blue,  nails  nbite 

Apparently  this  species  breeds  in  its  second  vear  hut  does  not  reach  its  most 
perfect  plumage  until  its  fourth  year 

A  neit  of  this  speiiea  found  Ma}  24  was  saddled  seiureU  lu  a  fork  of  a  small 
branch  The  single  egg  was  heavily  incubated  It  measures  0  01  by  0  80  In 
coloi  the  egg  is  dull  white   -iparsely  spotted  with  dark  umber  brown 

This  species  is  abundant  in  Batan  and  several  liirds  mav  be  found  in  each 
patch  of  forest  A  pair,  or  a  pair  and  two  to  four  young  birds,  may  be  seen 
feeding  together  The  adult  male  is  usually  fearless,  oft^n  alighting  within  a  few 
feet  of  the  intruder  The  flight  is  ea^  and  graceful,  but  slow  because  of  the  long 
rectrices.  The  call  is  harsh  and  cat-like;  the  song  is  simple  and  of  limited  range, 
consisting  of  several  clear  notes  uttered  in  quick  succession.  The  native  name 
of  the  species  is  "ti-uay-uay'." 

This  species  seems  to  be  closely  related  to  TcMtrea  eoroina  E.  Newton  from 
Seychelles.  It  also  agrees  with  the  meager  description  of  Callaeopa  periopthal- 
niioit  Grant;'  the  latter,  however,  has  no  lengthened  central  rectrices  and  the  t)'|>e 
may  be  a  young  bird. 

'Grant:  Bull.  H.  0.  V.   |I.S9,5),  4,   IS;  Ibis   (189.''>),  1,  253. 
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Whitehead  gives  the  following  notes  on  the  tvpe  of  CoJIacops  ppriop- 
Ikalmica  Grant: 

'The  unique  type  of  tljis  interesting  J'aradiBe  llycatohtr  wag  ]iur(.haa«l  li\ 
me  in  Manila  it  had  been  qhcit  by  an  Indian  [Filipino]  and  left  with  the  bird 
stufler,  untlaimed  for  jeara  1  dad  pxpressed  tlie  desire  to  purchase  this  bird, 
but  could  not  prevail  upon  the  Indian  to  part  with  it,  until  one  afternoon,  miicli 
to  my  delight  the  man  brought  it  to  me,  and  I  puichased  it  The  soft  parts  Here 
stated  by  m>  hunter  (who  skinned  the  bird)  to  have  been  pale  blue,  as  in  Zeo 
eephua  lufim.  nhieh  is  probablj  quite  i-oirect  Ihat  this  genu?  finds  its  nearest 
allieR  in  irsea  is,  I  think,  open  to  doubt  It  more  resembles  Tetpgipkane,  fioiii 
nhich  genus  it  differs  in  wanting  a  lengthened!  pair  of  centei  tail  feathers,  whieli 
are  found  only  on  appaientlj  leiy  old  males  «  •  •  fi,e  treat  in  also  like 
that  of  Terpatph<ine,  and  not  the  short  veUet)  pile  like  plumes  uf  Arv-i" 

The  man  from  whom  Whitehead  eecuied  the  type  has  seen  our  series  of  liatan 
birds  and  naja  that  Call-aeops  iias  just  tike  the  adult  male  without  the  long  ctn 
tral  tail  feathers  He  also  states  that  the  tipe  of  CnUiPop'i  nas  killed  Hitha  bhm 
gun  at  Malabon,  near  Manila 

The  fatts  that  the  type  of  Vallaeops  peTiopthalnitca  has  renmini'd  unique  and 
that  it  uas  killed  in  a  region  entirely  unsuited  to  birds  of  this  kind  indine  ine 
to  think  that  it  was  taken  far  from  its  normal  range  and  that  posstblj  it  «aa  a 
straggler  from  Batan  The  identification  of  the  Batan  bird  by  this  native  as 
being  the  same  species  as  one  seen  bj  him  some  ten  years  ago  is  of  little  value 
Everything  considered  to  treat  the  Batan  bird  as  a  new  species  seems  bettei  than 
to  refer  it  to  any  preiiovislj  described  form 
Hypsipetes  batanensle  Meams 

Mearna  states  that  in  H  batanti\sjs  the  forehead  la  rufescent  instead  of  cinere 
oun,  but  among  18  specimens  from  Batan  I  can  detect  no  indication  of  a  rufeacent 
forehead  nor  can  I  find  any  other  difference  in  plumage  between  them  and  typical 
fitgen'ns  Birds  of  tbia  genus  from  Batan  are  larger  than  those  from  Calayan  and 
E\iga  and  apparently  the  species  H   balanenais  must  stand  on  that  character  alone 

The  Batan  bulbuJ  is  lery  abundant  and  is  knonn  t«  the  natives  as  pi  uc'  " 
A  set  of  egga,  t»o  alightly  incubated  and  one  addled,  was  collected  May  2fl  The 
coloi  of  the  eggs  in  pale  salmon  pink  obscured  bi  longitudinal  spots  of  umber 
brown,  there  are  also  some  obscure  deep,  shell  markings  These  e^^  measuie 
121  by  0  82,   120  by  0  70     110  by  0  81 

inoiher  set  of  nearly  fresh  eggs  was  taken  June  3      The  aliell  is  faintly  pmk 
and  heavily  spotted  with  rich  umber  brown  but  the  spots  less  elongate  than  in 
hrst  set      These  eggs  measure.   1,25  by  0.8fi,   1.29  by  0.87,   1.21  bj  0.8J. 
Petrophila  manilla  Bodd 

\  fe»  seen  ■lb  lut  the  t(wn;  a  female  wan  taken  May  29, 
Locustella  ochotcnsis   (Midd.). 

This  species  and  the   iiiiicejtlialita  were   ralher  abundant   for   a   nhort   time; 
apecimena  wert  taken  May  23  and  31. 
LoeuBtella  faeiolata  (Gray). 

One  male  in  adult  plumage  was  collected  May  29. 
Acrocephalus  orlentalls   (Temm.  and  Sehl.). 

Ihree  specimens  were  taken  May  30. 

'Whitehead:   lUs  (IKOHj,  5,  108. 
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s  coming  from  Manila  and   its  vicinity  represent 
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Cisticola  cisticola   (Temm.). 

Two  males  from  Hiitaii,  Hay  20  Hiid  June  14  are,  [  believe,  of  this  species  and 
the  birds  collected  by  me  on  Fiiga  and  Cala.vau  in  I'.IOS  seem  to  be  C.  cisticola  and 
not  C,  exilis  as  recorded.     Tliis  bird  is  fairly  abundant  in  Batan  where  it  is  well 
known  as  "gug-nas'." 
Zosterops  batanis  sp.  nov. 

Bonaparte's  name  Zoslri 
tlie  locality  of  which  is  givi 
1  shall  consider  that  speoin 
Zmteropa  meyeni. 

Typical  specimen.— So.  429(i,  [f  adult;  Bureau  of  Science  L'ollection ;  Malate, 
Manila,  P.  1.;  April  27,  1004;  McGregor,  Celeatino,  and  Canton. 

Description  of  Zoslerops  meyeni. — Above,  including  wings  and  tail,  olive-yellow, 
brigiiter  on  forehead  and  tail-eoverts;  narrow  ring  of  feathers  about  eye,  silky- 
wliite;  below  this  slightly  dusky;  lores,  briglit  olive-yellow;  chin,  throat,  fore- 
lireast,  and  under  tail-eoverts,  bright  yellow;  center  of  breast  and  abdomen,  faintly 
washed  with  yellow.  Total  length  4-0  inches:  wing,  2.05;  tail,  1.48;  exposeil 
culmen,  0.40;  tarsus,  0.66;  middle  toe  with  claw,  0.g4. 

Zosterups  balania  sp.  nov. 

No.  6357,  (J  adult;  Bureau  of  Science  Colleition,  Batan  Island,  Batanes,  P.  I.; 
May  28,  1907;  McGregor  and  Celestino 

Specific  oAorocfers.— Similar  to  Zoslerops  wt/ci"  hut  much  larger,  the  fore- 
head brighter  and  more  extensiiely  yellow 

Description  of  type. — Above,  yellowish  green  or  light  olive  yellow,  brighter  on 
c;rown,  rump,  and  upper  tail-coverts,  loies  and  frontal  band,  bright  yellow,  eye 
surrounded  by  a  ring  of  silky,  white  feathers,  interrupted  m  front  bj  a  small, 
dusky  spot;  an  indistinct,  dusky  line  below  eye  iirele,  aunculars  and  "ides  of 
neck,  light  yellowish-green,  like  crown  chin  throat,  breast,  and  lower  tail  coierts, 
bright  yellow,  like  forehead;  a  faint  yellow  wash  down  middle  of  breast  and 
abdomen;  wing-covevta,  olive-yellow,  like  back,  quills  blackish  and,  except  first 
primary,  edged  with  olive-yellow,  inner  webs  margined  witii  white  edge  of  wing, 
light  yellow;  axillaries  and  wing  lining,  white,  faintly  washed  with  yellow,  ree- 
trices  blackish,  edged  with  olive  jellow  Uppei  mandible  black,  lower  mandible 
and  legs,  leaden-blue;  nails  brown,  irides,  light  brown  Length,  5  0  inches,  wing, 
2.30;  tall,  1.73;  exposed  culmen,  0  48,  tarsus,  0  72,  middle  toe  with  claw,  0  64. 

Cotype. — No.  0390,  J  adult;  Bureau  of  Science  Collection,  Batan  Island,  Bata- 
nes,  P.  I.;  May  30,  1907;  McGregor  and  Celestino 

Description.— The  female  is  similar  to  the  male  Wing,  2  20,  tail,  100;  ex- 
posed culmen,  0.40;  tarsus,  0.72,  middle  toe  with  ilaw    0  61 
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This  speeies  la  fairly  abundant  in  Batan  Island  where  it  is  known  to  natives 
by  the  name  "da  ti  il  " 

A  neat  containing  four  fresh  eggs  was  token  June  1.  Tlie  neat,  compaotly 
made  of  plant  fibeis,  was  situated  in  the  fork  of  a  small  tree;  its  inaide  diameter 
in  2.5  inches,  inside  depth  1.3.  The  e|^gs  are  pale  blue  and  unmarked;  they 
measure  0.65  by  0.48;  0.07  by  0.49;  0.69  by  0,51;  0.(19  by  0,50,  Tivo  nests  con- 
taining young  birds  were  found  on  June  5, 
Butlytei  leucoatriatus  (Hoiu,). 

One  male  in  yellow  plumage  was  taken   May  28.     The   native  name   ot  this 
species  is  "du-uadV 
Anthus  rufulus  Vieill. 

Abundant  and  nesting  on  grassy  hill  sides.  The  native  name  is  "bu-chi- 
bu-chid'." 

Borl  Martens. 

e  probably  of  this  species, 

la  the  only  representative  of  the  species 
THE   niBDS   OF   CAMIGCIN. 

Megapodlus  cumingi  Dillyv. 

One  adult  female  was  killed   Inh    H  ami  a  loung  bird  was  killed  July  21; 
the  latter  was  perched  on  a  small  limb  some  ^i\  feet  »l  )>p  the  gronnd.     Fresh 
eggs  were  obtained  during  our  stav     n  (  ainigum 
Callus  galluB   (Linn.) 

One  chick  about  five  weeks  of  age  was  «cen   June  i'i  and  a  hilf-grown  bird 
was  killed  July  17,     The  species  la  a  common  one  on  this  islani 
Sphenocercus  australis  sp  noi 

This  species  is  nearly  related  to  S  formosir  but  the  maroon  of  the  shoulders 
is  continued  aernss  the  back  in  t  wide  band  The  entire  bill  is  blue,  the  hard  tip 
being  paler  while  in  S,  formosw  the  apical  third  is  satil  U>  be  pale  with  a  tinge 
of  yellowish." 

type. — No.  6548  cf.  Bureau  of  Science  Collection;  Camiguin  Island,  Cagayan 
Province,  Philippines;  June  20,  1907;  E,  C,  McGregor  and  A.  Celestino,  collectors. 

Distribution. — Islands  of  Camiguin,  Calayan,  and  Batan,  north  of  Luzon. 

Descriptiov  of  type. — General  color  above,  olive-green;  ciown,  ocherous-buff ; 
forehead,  lighter  and  more  yellowish;  upper  mantle  grayish-green;  ivelow,  yellow- 
ish-green; middle  of  abdomen,  yellowish  white;  flanks  striped  with  white,  pale- 
■  yellow,  and  dark-green;  under  tail-coverts,  slightly  washed  with  hulf;  lesser  wing 
coverts,  maroon,  connecte.d  across  the  back  by  a  wide  and  distinct  band  of  the 
same  color;  alula  and  primary  coverts  and  primaries  black;  secondaries  black, 
with  narrow,  yellow  margins;  greater  coverts,  dark  green  with  wider  yellow 
margins;  median  coverts  dark  green;  tail,  above,  oiive-green,  below,  black  with 
gray  tips.  Inner  ring  of  iris,  light-blue,  outer  ring  pale-pink;  bill  blue,  the 
hard  tip  paler  than  the  base;  legs  and  feet  old  rose;  nails  gray.  Length  in  flesh 
19.5  inches;  wing,  7.60;  tail,  6,40;  exposed  culmen,  0,82;  tarsus,  1,07;  middle 
toe  with  claw,  1.S7. 

Cotype. — No.  6633  J;  Bureau  of  Science  Collection;  Camiguin  Island,  Cagayan 
Province,  Philippines;  July  fi,  1907;  R.  C.  McGregor  and  A.  Celestino,  collectors. 
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Detcriptifin , — Similar  Ui  tlie  male  but  uniform  durk  green  above  with  no 
ocheroua  color  on  liead  and  no  maroon  on  wings  and  mantle.  I>6ngth  in  flesli, 
14  inches;  wing,  7,liO;  tail,  5.16;  exposed  eulmen,  0.80;  tarsus,  1.04;  middle  t«e 
with  claw,  1.52. 

The   specimens   fvoni    Calnynn    rwiirded   ns   Sphenorcinm   /orniosir'    must    lie 
referred  to  this  new  species. 
Leueotreron  leclancheri  (Bp.). 

Specimens  from  Bataii  and  Camipiin  average  larger  than  examples  from  more 
southern  islands,  but  there  is  a  gieat  variation  in  series.  This  spe<'ies  was  found 
in  abundance  on  Camiguin.  The  nest  is  a  slight  platform  of  small  twigs  placed 
on  a  liorizontal  hniiicii,  at  from  six  to  fifteen  feet  from  the  ground.  The  four 
nests  found  contained  but  one  egg  each.  Two  eggs  taken  July  3  measure  re- 
spectively 1,30  by  0.02  and  1.40  by  0.07.  Another  egg  taken  July  18  measures 
1.24  by  0.0-5.  These  tlii'ec  eggs  were  slightly  incubated.  An  egg  in  advanced 
stage  of  incubation  was  taken  ,Tnne  25. 
Muscsdivora  nuchalis  (Cab.), 

■nic  l)ahid  of  Camiguin  is  provisionally  referred  to  the  above  species. 
Chalcophaps  indica   (Linn,), 

Fairly  abundant. 
Hypotasnidia  torquata   (I^inn.). 

Apparently  rare;  one  individual  killed. 
OrthorhamphuB  magnirostris   (Vieill.). 

Two  seen  on  the  beach  June  22;   one  male  killed.     Bill  black,  its  basal  nkin 
dull-yellow;   legs   pale-yellow,   shading  into  pale- 1  cad -bine  on   feet;    nails   black. 
Stomach  contained  remains  of  beach  crabs. 
Nycticorax  manillensls  Vig. 

A  few  specimens  of  the  Manila  nijjbt  heron  were  observed  on  the  small  island 
opposite  the  tflwn. 
Butoridet  javanica  (Horsf,). 

Dendrocygna  arcuata  (Horsf.). 

A  small  flock  of  this  species  was  found  on  the  island  opposite  the  town. 


Faieo  perigrinus  Tunst. 

A  female  in  dark  plumage  t 


Ninox  Japonica   (Temm.  and  Sclil.). 

Abundant   and   apparently   breeding.     Four   specimens,    two   a 
full-grown  young,  were  taken  June  22. 
Euryetomus  orientalis  (Linn.). 

Halcyon  coromandue  (Lath.). 

A  female  in  perfect  plumage  was  taken  July  13,     Irides  brown 
nails,  bright  iiiral-red.     The  stomach  contained  a  small  crab. 

'Bull..  PhilipjHne  Mas.  (I»04),  4,  a. 
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Halcyon  chtoris   (Bodd.). 

A  joung  female  with  banded  breast  was  taken  July  ti.     On  one  occasion  a 
kingfisher  was  observed  to  dart  down  and  strike  a  lialf-grown  chicken  in  tbe  bead, 
causing  its  death  within  iialf  an  hour. 
Satangana  marglnata  (Salvad.). 

Tliis  little  swift  waa  very  abundant. 

Cypselus  pacificus   (Lath.)-      {Pis.  IV  and  V,  fig.  1.) 

This  fine  bird  waa  often  seen  near  the  beach  but  aeldom  within  gunshot.     A  few 
specimens  were  killed. 
Cypselus  Bubfurcatus  Blytli.      |PIs.  IV  and  V,  fig.  2.) 

Micropus  subfurcatus  Hartert,  Cat,  Birda  Brit.  Mus.   (1892),  16,  457. 

A  male  swift,  taken  June  2(i  in  company  with  birds  of  the  preceding  species, 
belongs  with  little  doubt  to  the  ahove,  which  ia  new  to  the  list  of  Philippine  birds. 
Eudynamie  mindanensis  (Linn,). 

A  male  and  two    females   were   taken.      Although   ahundazit,   this    specie*    was 

CentropuG  viridis   (Scop.). 

AbQnda.nti  a  very  small,  young  bird  was  laketi  .Tiily  2. 


Abundant. 
Hirundo  stnoiata   (Bjie) 

Thisswalkw  wao  often  seen  in  eonsidfrable  niimlers  in  company  witl   I  }/piet\  i 
pacificus  an  1  I  have  but  little  <loubt  that  it  breeds  on  Cami^uin    as  s]  e  in  ens 
killed  were  young  of  the  year 
Camiguinia   new  genus  of  Museicapidte 

Type. — Camijtunta  persmiata   sp   nov 

Generic  characters  —lltrat  primaiy  httle  more  tl  an  half  ft  oecon  I  htth  lonf, 
est,  fourth  and  aixtb  a  tiifle  shorter  tail  about  equal  to  wing  and  slightlj 
graduated;  bill  moderately  flattened  as  in  Oyanomyias  i.ulinen  lea's  than  tarsiif 
and  equal  to  middle  toe  with  tlau  nctal  bristles  longer  than  bill  fioin  nostiil 
feathers  of  chin  lores  and  foiehead  short  soft  an  I  pile  like  feathers  ti  crown 
more  or  less  scale  like     occipital  crest  short  and  full 

This  genus  ditfeia  from  Cyanon yiai  in  latking  the  greath  lengtl  ened  cre-tt  an  1 
the  antrorse  loral  plumes  and  diffeis  from  Hvpdkyviii  m  having  tl  e  featl  eis     f 
crown  and  crest  stale  like   instead  of  soft  an  I  \ehet^ 
Camiguinia  peraonata  sp  nov 

Type. — N  r'i41  ^  adult  liureall  of  Science  <  IJcction  (.ami^uiii  Island 
Cagayan  Pn  \ince  Philippines  June  20  1007  R  (-  McGregor  and  A  felestim 
Length  in  flesh  0  1  niches  wn^  2  66  tail  2  65  culraen  from  base  0  58  bill 
from  nostril    (134     tarsus    0  85 

Description — deneral  ctlor  light  azure  bluL  rump  and  upper  tail  coverts 
lighter;  breast  darker  frrntal  line  chin  lores  and  a  narrow  ouumoLUlar  line 
velvety-black  forming  a  mask  wliicli  is  narrowly  bordered  behind  with  bright 
silvery,  cobalt  blue  widest  behind  forehead  and  chin  middle  of  louer  breast 
abdomen,  under  tail  coverts  wing  lining  and  axillariea  white  wings  and  tail 
black,  the  exposed  edgts  dark  asure  blue   exeeit  first  and  aecund  primaries     two 
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Cistlcola  ciBticola    (Temm.). 

Fairly  abundant. 
Hyroterpe  rilex  sp.  nov. 

Specific  cAarociers. — Similar  to  H.  fallax  of  Calayan  Island,  but  larger;  breast 
and  aides  more  strongly  snifused  with  yellow, 

Type.— No.  6573  <f  adnlt;  Bureau  of  Science  Collection;  Camiguin  Island, 
P.  I.;  June  27,  1907;  H.  C.  McGregor  and  A.  Celestinii.  Length,  7.2  inchea; 
wing   3  02-  tail   2  93-  exposed  culmrn   0  62-  tarsus   0  92 

Simarks — While  closely  related  to  H  falUiic  this  speties  differs  in  its  greater 
iize  the  greater  length  of  wing  is  especially  noticeablp  The  yellow  on  the 
breast  extends  forward  for  a  greater  distance  than  in  H  foliar  This  new 
speeiea  was  not  uncommon  in  the  f  rest  (.n  (.Bmij,u  n  i  nt  most  if  the  Bpeciraen*! 
secured  were  in  poor  plumage 
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Pardaliparus  edithas  McGregor. 

Fairly  common.     A  number  of  specimens  taken  are  mostly  young  bird-..     Tin: 
only  adult  male  obtained  is  similar  to  the  type  from  Calayan. 
ZosteropB  meyleri,  sp.  nov. 

Specific  chfuacters. — Similar  to  Zoslerops  aureiloris  Grant,  but  bill  longer, 
forehead  brighter  yellow,  and  circle  of  white  feathers  about  eye  much  wider. 

Q'ype. — No.  0561,  ^f  in  breeding  plumage;  Bureau  of  Science  Collection; 
Camiguin  Island,  P.  1.;  June  25,  1907;  R.  C.  McGregor  and  A.  Celestino. 

Dfscripf  ion  .—Above,  bright  olive-yellow,  lighter  on  rump;  forehead,  golden- 
yellow;  ear  coverts  and  side  of  neck  like  tlie  back;  a  wide  circle  of  short,  silky, 
white  feathers  about  ej-e,  bordered  below  by  a  dusky  line;  lores,  rich  golden- 
yellow;  below,  brigiit.yeliow ;  side,  slightly  dusky;  wing,  and  tail,  oHve-green  like 
the  back.  Irides.  brown;  bill  black,  but  basal  two-thirds  of  lower  mandible 
leaden-blue;  l^s  and  nails  flesh.  Total  length,  4.5  inches;  wing.  2.10;  tail,  1.57; 
bill  from  nostril,  0.32;  tarsus  0.06. 

Cotype. — -No.  6672,  5  adult.  Bureau  of  Science  Collection ;  Camiguin  Island, 
P.  I.;  July  1],  1907;  McGregor  and  Celestino.  In  color  similar  to  the  male. 
Total  length,  4.3  inches;  wing,  2.08;  tail,  1.50;  bill  from  nostril,  0.32;  exposed 
culmen,  0.43 ;  tarsus,  0.05. 

ffemorfts.— -This  species  belongs  to  the  section  of  the  genus  having  tlie  lower 
parts  all  bright  yellow  and  including  Z.  aureiloris,  lusonica,  riehmondi,  etc.,  but 
it  may  be  reee^ized  at  once  by  its  very  wide  white  eye-circle.  In  color  it  is  like 
Z,  riehmondi  from  Cagayaneillo  but  it  lacks  the  black  line  under  eye.  The 
species  is  named  for  Mr.  John  Meyler,  the  only  American  inhabitant  of  Camiguin 


Hosted  by  Google 


THK   lURUS   OF   BATAN,    KTC.  349 

Dicacum  papuense   (Gin.). 

This  apecicB,  the  only  rtpreaputative  of  its   family  in  t'aiiiiiriiiu,  was   si']<li)m 
obncrved.     An  adult  male  was  taken  June  27  and  a  .vdiitij;  male  July  8. 
CInnyris  whiteheadi  Grant. 

Fairly  abundant;  specimetia  from  Cariiinuin  differ  in  iiu  way  from  s|iecinienM 
taken  in  other  islands. 
Budytes  leucostriatuB  (Honi.). 

The  only  specimen  seen  was  a  male  killed  Juno  2".     Tliis  individual  had  lout 
liis  left  leg  and  had  been  unable  to  migrat*. 
AnthuG  rufuluB  Vieill. 

Fairly  abundant  on  a  flat  near  the  town. 
Uroloncha  everetti  Tweed. 

Specimens  were  taken  June  2  and  28;  abundant  in  the  vicinity  of  uewly  planted 


Lamprocorax  panayenGis  (S 
A  few  pairs  were  nesting  ii 


Y'Anii,  the  mcwt  nortburii  of  tlie  Philippine  Islands,  is  a  mass  of 
hroken  rock  covered  with  a  thick  growth  of  grass,  vines,  and  stimt«cl, 
twisted  trees.  During  half  an  hour  spent  ashore  here  on  the  morning 
of  June  17  an  immature  male  specimen  of  Haliaetus  leucogaster  (Gm.), 
and  a  male,  in  worn  plumage,  of  Zosterryps  hatunis  McGregor  were  killed. 
In  addition  four  species  were  observed  of  which  no  specimens  were  taken. 
These  species  are:  Halcyon  chloris  (Bodd.),  Terpsiphone  nigra  Mc- 
Gregor, Hy/isipetes  batanends  Meams,  and  PetrophUa  iiimiiUa  (Bodd.). 

BABUYAN    CLAHO. 

In  a  short  time  spent  on  the  volcanic  island  of  Babuyan  Claro,  June 
18,  specimens  of  Hypsipetes  batanensii  Mearne  and  Salangarm  marginata 
(Salvad.)  were  collected  and  Cinnyris  whiteheadi  Grant,  Hirundo  java- 
nica  Sparrm.,  and  Corone  philipptna  (Bp.)  were  identified. 
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ILLUSTRATIONS. 


PpjiTE  I.  'ferpsiphone  nigra  sp.  iiov.  adult  maU: 
II.  TerpaiphoTie  nigra,  adult  female. 

III.  Terpsiphone  nigra,  young. 

IV.  FiR.  1,  Cypselua  pacificua   (Lalli.)  ;   fig.  2,  Cypsclus  subfurcatua  Klytli. 
V.  Fig,  1,  Gypaeltis  padficva   (Lath.);   fig.  2.  Cypsilvs  subfurcatvs  Blytli. 
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1.  6495,   V  ADULT.l 
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TWO  ADDITIONS  TO  THE  AVIFAUNA  OF  THE  PHILIPPINES. 


]3y  Kdqar  a.  Mearnh. 
( Major  and  Burgeon,  V.  S.  Armg. ) 

Butorld«a  spodiogaster   (Sharpe). 

On  a,  nameless  islet  in  Malampaya  Sound  off  the  Island  of  Palawan,  I  shot  an 
adult  female  of  this  heron,  September  12,  1906.     This  specimen  is  No.  14319  of 
the  author's  collection. 
Spodiopsar  cineracGus  (Temminck). 

At  Laoag,  Ilocos  Norte  Province,  LuTiin,  January  25,  HI07,  I  shot  a  male  of 
the  Chinese  gray  starling.  The  bird  was  alone  and  shy.  The  specimen  ia  No. 
14778,  author's  collection. 

eoos3 7  ^^^ 
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DESCRIPTIONS  OF  A  NEW  GENUS  AND  NINE  NEW 
SPECIES  OF  PHILIPPINE  BIRDS. 


By  EuuAR  A.  Meakns, 
{Maj'ir  and  Surgeon,  U.  !■<.  Armi/. ) 

Since  tlio  publication  of  several  papers  on  Philippine  birds  in  the 
Proceedings  of  tlie  Biological  Society  of  Washington,  in  the  year  1905, 
I  have  continued  my  explorations  in  the  Philippine  Islands,  with  the 
result  that  several  new  forms  have  been  added  to  the  I'hilippino  avifauna, 
some  of  which  are  described  in  the  present  paper. 

In  identifying  my  birds  I  have  had  the  use  of  the  personal  library 
of  Commissioner  Dean  C.  Worcester;  and  I  am  indebted  to  Dr.  Paul  C. 
Freer  and  Mr.  Richard  C.  McGregor  for  every  facility  afforded  by  the 
collections  and  library  of  the  Bureau  of  Science,  in  Manila.  For  op- 
portunities of  malfing  expeditions  in  the  field,  I  am  deeply  grateful  to 
Major-General  Leonanl  Wood  and  Brigadier-General  Tasker  H.  Bliss, 
United  States  Anny,  under  whom  1  have  served. 

All  measurements  given  in  this  paper  are  in  millimeters. 
Malindangia,  new  genue  of  Campophagide. 

Type. — Mahndangia  mcgieaoii   ip   nov 

Characters, — ^Wing  and  tail  about  equal  wmg  feathers  as  in  EdoliiBoma,  3il 
4tli,  and  6th  quills  longest  tail  forked  4tli  quill  longeit  3d  subequal,  outer  quill 
>"hortest  ■  weba  of  outer  pair  of  reetriee>"  sharp!\  pointed  In  form  and  pattern 
th    ta  1  bl      th  t    f  C      parka-       bth      tl  bm        poti      Bllwtl 

Im      d      d  dij    h    te    th       t  t  g  pe   th       1    gth    f      t      to 

(     tl      t    1      )      St  ff     ed    1    ft      f         p  f    th  rj  p  d 

M   I     d      g      m   g     g     i      p 

M  r    g  k       h    k 

Typ   — N       14178    M  II    t  W  It         If  M       t    B!  w    M 

1    d     g  g      p   I   It  t  d    5  750  feet)  tl        t  m  M    d  Ph  1  ].p        111 

M        0    1906 

q    ph      I   ihst  >6  (  on— Peak       f    M       t   M  I     I     g  th    LBt         M 

d     oof    m4  000  to9000  feet 

Ad  U        If       d  f  m  I   — Uppe     p    t  1    i    g  tl  mp      pp 

t    1  t  1       ddl    pa        f  ta  1  f    th  t  mj  1  ght  g    y    f      I  ead     1 

thtbtddfhdtb  yblk  mt  d 

pi  dlt         g  tgylkthbkmddl         dgrte  g 

t  d        b  oad       t        1   b     d  oat   p  f     ee     d  wh  t 

g  w    gq    II     bl     k       t    nallj    b      dl      wh  t  b       t  b  ae 

b    ta  d  w    g     11  bl     k  11  d       d      w    g  t     wh  t      th  t        ec 

t      es  t  pp  i       th  g         b     h  t  both       b     th  t     f  tl      ti   ee 
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rowlj',  the  next  broadly,  and  the  uutemmst  for  more  than  one  third  of  its  length, 
chest,  flanks,  and  thigh<<,  giay  hke  the  back,  this  color  fading  tu  uhitish  on  the 
abdomen  and  hecuming  pure  uliite  on  tlie  nnder  tail  coverts  Int  led  or  reddisb 
brown;  bill  all  bia«l<     feet,  pi umbeouR black,  uith  under  side  of  toes  letlon 

Hemarks. — The  black  of  the  under  hide  of  the  head  extends  around  the  nack 
and  forms  an  incomplete  black  neiktollar  whiih  in  the  oldent  males  is  but 
narrowly  interrupted  in  the  median  line  uliove  Die  i^xps  are  <.olored  alike, 
but  one  female  (No.  14ITT),  probablj  immature,  has  the  bla«k  areas  of  the  head 
and  neck  replaced  by  a  dark  gray  color  J  lie  plumage  other«tae  differs  from  that 
of  the  adults  only  in  liaving  scaiceli  disLemible  fuhoiis  edgings  and  wavy  eioss 
bauds  to  the  feathers  of  the  abdomen 

This  species  was  abundant  on  Monnt  Malindang  Fifteen  npecimens  nere 
collected,  t«n  of  them  males  and  fi\e  females 

Measurements  (taken  from  fresh  apecimena  bv  the  author)  — Ihiee  adull 
males:  l>ength,  23G-240,  alar  expanse,  335-342,  wing,  110-113,  tail,  11)8-117, 
eulmen,  19-111.6;  tarsus,  23-24,  middle  toe  with  ils  claw,  20-21  female  (No 
14177);  Lengtb,  230,  alai  expanse,  JIO,  wing,  108,  tail.  111,  (ulinen,  IQ,  tar 
sus,  23;  middle  t<ie  with  its  cla«,  U 
Centropus  carpenterl    sp   nov 

Batan  Island  coucal 

I'ype.— No.  15190,  collection  of  Ed^ar  \  Mtari  -  \dii\t  male.  Sliot  by  Mr, 
William  Uorr  Carpenter  (foi  whom  tie  species  i  named),  in  the  foothills  of 
Mount  Irada,  in  the  northern  part  of  Batan  Island  Pbilippine  Islands,  May  27, 
1907. 

Characters. — Similar  to  Centropus  mdorensis  (St«erel,  but  larger,  with  less 
greenish  reflections  to  the  general  black  color 

Deecription  of  type  (adult  male) — General  coloi  black,  with  bluish  and 
purplish,  and  some  greenish  luster  to  the  metallic  plumage;  wings,  purplish- 
brown.     Bill,  black;   feet    plumbeous   claws    plumbeous  black. 

Measurements. — Tjpe  (skin  of  adult  nale)  length,  440;  wing,  16G;  tail, 
278;  culmen  (chord)  32  depth  of  bill  16  tarsus  42;  middle  toe  with  its 
claw,  44. 

Remarks, — This  coucal  is  almost  exactlj  like  Centra]  us  mindnrensis,  dififering 
only  in  size  and  in  the  color  of  the  metallic  reflections  to  the  black  plumage. 
Centropus  rnindorensti  is  known  onlj  from  Mlndoro  and  the  adjacent  islet  of 
Semirara.  Following  are  its  measurements,  for  comparison  with  those  of 
Centropus  carpenteri:  Average  of  three  adult  male  t«potypes;  Length,  398;  wing, 
153;  tail,*  238;  culmen  (chord)  29.2;  depth  of  bill,  13.7;  tarsus,  40;  middle  toe 
with  its  claw,  42. 
Cyornis  mrndorensis  sp.  nov, 

Mindoro  red- breasted  flycatber. 

Type.~^a.  14519,  Mearns  collection.  Adult  male  from  the  Alag  River  at  SOO 
feet  altitude,  Mtndoro,  I'hilippine  Islands,  l>eeenilier  1,   lyOO. 

Adult  niale.^Sirailar  to  Cyornis  philippitieiisis  Sharpe  except  that  the  blue 
of  upper  parte  is  slightly  darked;  and  the  under  parts  differ  in  having  the 
abdomen  and  under  tail-coverts  orange  instead  of  white.  Specimen  Ho.  46(17, 
Bureau  of  Science  collection,  taken  March  14,  1905,  on  the  Rio  Baco,  Mindoro, 
by  Messrs.  McGregor,  Celestino  and  Cantim,  has  the  following  data  written  upon 
the  label:   "Bill  black.    Legs  reddish  flesh  color,  nails  brown.    Length,  5.9  inches." 

Measurements  (taken  from  skins). — Type  (adult  male);  Length,  145;  wing, 
75;  tail,  67;  culmen,  14.5;  bill  from  nostril,  II;  tarsus,  19;  middle  toe  with  its 
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claw,  17.     Adult  n 
75;    tail,   65;    culi 

Hemoris. — All  of  the  aeriea  of  specimens  of  Gyornia  pAifippinensts  in  the  collec- 
tion of  tlie  Hureau  of  Science  have  the  crissum  white,  the  Mindoro  form  lieing  the 
only  one,  of  all  the  islands  represented,  in  which  tliia  part  is  orange. 
Rhlpidura  hutchinBonr,  sp.  nnv. 

Mount  Malindang  fan-tailed  llyeateher. 

Type. — No.  5i,  collection  of  Robert  Schroder.  Adult  piale  from  Mount  Bliss, 
Malindang  group  (altitude  5,750  feet),  northwestern  Mindanao,  Philippine 
Islands,  June  9,  1906. 

Geographic  distribuHim. — I'eaks  of  Mount  Malindang,  northweatyrn  Mindanao, 
from  4,G00  t«  9,000  feet. 

Characters. — Similar  to  lihipidUTa  nigrofimiarnomca  Hartcrt,  bnt  larger,  with- 
out white  on  cliest,  this  being  replaced  bj  deep  cinnamon;  and  the  short 
supraorbital  whit«  stripes  unite  in  front,  forming  a  hand  acroaa  the  forehead  which 
encroachoB  upon  the  black  which  edges  the  bill.  The  cinnamon  color  of  the  under 
parts  is  darker  in  hn  tchinsoni  than  in  nigrocinnamomea.  In  two  ailult  males, 
taken  May  20,  the  colors  of  the  aoft  parts  were  nof«d  as  follows;  Iris,  dark 
)iio»-n;  bill,  black;  feet,  plumbeous,  with  claws  nearly  black. 

Measurements. — An  adult  male  (No.  14160,  Mearns  collection),  measured  in 
the  flesh,  presented  the  following  dimensions:  Length,  178;  alar  expanse,  233; 
wing,  17;  tail,  SH);  culmen,  11.5;  taraus,  20;  middle  toe  with  ita  claw,  14.  Skin 
meaaurements  of  the  type  (adult  male)  are  aa  follows:  Length,  155;  wing, 
78;  tail,  95;  culmen,  11.7;  tarsus,  19.5.  Skin  measurements  of  adult  female 
(No.  14167,  Mearna  collection);  I>ength,  153;  wing,  73;  tail,  84;  culmen,  11; 
tarsus,  20. 

Material. — Five  specimens  from  the  type  locality,  where  the  species  is  abundant. 
Hypslpetes  batanensic,  ap.  nov. 

Batan  red-eared  bulbul. 

Type. — No.  15199,  collection  of  Edgar  A.  Mearns.  Adult  male  from  Santo 
Domingo  de  Basco,  Batan  Island,  Philippine  Islands,  May  27,  1907. 

Vharacters. — Exactly  like  tcpotypes  of  Hypsipetes  fugensis  Grant,  but  larger, 
and  with  the  forehead  rufescent  instead  of  cinereous. 

Measurements. — l^pe  (skin  of  adult  male):  LeDgth,  262;  wing,  130;  tail, 
127;  culmen  (chord),  2fi;  bill  from  anterior  margin  of  nostril,  20;  tarsus,  20; 
midde  toe  with  its  claw  (about),  27.  Average  of  3  adult  males  (including  the 
type) :  Length,  264;  wing,  128;  tail,  127;  culmen  (chord),  28;  bill  from  anterior 
margin  of  nostril,  26;  middle  toe  with  ita  claw  (about),  27.  Adult  female: 
Length,  245;  wing,  116;  tail,  112;  culmen  (chord),  26;  bill  from  anterior  margin' 
of  nostril,  17.5;  tarsus,  26;  middle  toe  with  its  claw   (about),  25.5. 

Remarks, — Following,  for  comparison  with  Hypsipetes  batanensis,  are  average 
measurements  of  three  adult  male  topotypes  of  typical  Hypsipetes  fugensis,  taken 
by  the  author  on  Fuga  Island,  May  30,  1907:  Length,  201;  wing,  123;  tail,  128; 
culmen  (chord),  25.2;  bill  from  anterior  margin  of  nostril,  17.1;  tarsus,  21.3; 
middle  toe  with  its  claw  (about),  23.3. 
Merula  malindangenBrB,  sp.  nov. 

Mount  Malindang  blackbird. 

Type. — No.  14134,  Mearns  collection.  Adult  male  from  Mount  Malindang 
(Lebo  Peak,  5,750  feet),  northwestern  Mindanao,  Philippine  Islands,  May  IS, 
1900. 

Geographic  distribution. — Peaks  of  Mount  Malindang,  northwestern  Mindanao, 
from  5,000  to  0,000  feet. 
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Characters. — Largest  of  tlie  Philippine  species  of  MeruUi.  Breast  and  under 
Bide  of  neck,  light  drab-gray,  ft  darker  shade  of  thia  color  extending  to  the  throat 
and  chin,  and  forming  an  indistinct  collar  around  the  hind  neck;  middle  of 
abdomen  and  crissum,  nearly  white,  mantle,  back,  rump  and  upper  tail  coverts, 
light  sooty-hrown :  wings  and  t*il  dark,  sooty-brown. 

Adult  male. — Upper  aide  of  head,  mantle,  back,  rump  and  upper  tail-coverta 
light  sooty-hrown;  flanks  aJigbtly  paler  and  browner;  wings  and  tail  dark  aooty- 
brown,  more  fuliginous  on  under  surface;  chest  and  under  side  of  neok,  light 
drab-gray,  a  darker  shade  of  this  color  encircling  the  neck  and  extending  to  the 
chin  and  throat,  where  the  feathers  have  dark  shaft-streaks;  sides  of  head  pale 
sooty  brown ;  feathers  of  the  median  area,  from  chest  to  crissum,  with  broad,  white 
edges  and  a  dark  central  area  inclosing  a  sagitiate  white  spot,  giving  a  spotted 
appearance  to  the  middle  of  the  under  surface  of  the  body;  crissum  with  thia 
light  area  expanded  and  practically  all  white;  under  tail-coverts  sooty-brown, 
longitudinally  striped  with  white  or  pale  bulT. 

Adult  female. — Similar  to  the  male,  but  slightly  smaller,  and  dingier  in  color, 
with  a  slight  rufcacenec  on  sides  of  lower  breast  and  tlanks. 

Immature  male  (No.  14626,  Mearns  collection). — Sides  of  lower  cheat  and 
flanks  more  strongly  washed  with  raw  umber  than  in  adult  females;  chest  and 
throat  darker. 

First  plumage  (male.  No.  14266.  Mearna  collection). — Upper  surface,  dusky. 
washed  with  raw  umber,  especially  on  the  head,  neck,  upper  back,  and  wing- 
covcrta;  srapulara  with  pale  ruaty  shaft-atreaka,  and  some  of  the  lesser  wing- 
coverts  edged  with  the  same;  under  aurface,  sepia-brown  strongly  mixed  with 
reddish -brown,  and  spotted  with  brownish-black,  the  rufescence  covering  the 
middle  of  the  throat  and  much  of  the  cheat,  the  blackish  cordate  spots  being 
confined  to  the  tips  and  the  ruaty  bands  crossing  the  middle  of  the  feathers; 
whitish  median  stripe  distinct,  but  with  pate  rufesccnt  edging  to  the  feathers 
except  on  lower  abdomen ;  under  tail-coverta,  sepia-brown  with  rusty  edging  and 
broad,  white,  median  stripes. 

In  other  specimens,  taken  at  the  same  aeaaon,  the  molt  was  nearly  finished, 
leaving  a  few  feathers  with  ruaty  banda  and  black  spots,  and  with  a  stron^^er 
rusty  washing  to  the  flanks  than  in  adults. 

Material. — Fourteen  skins  from  the  type  locality. 
Merula  mayonensis,  ap.  nov. 

Mount  May  on  blackbird. 

Type.— 'So.  15272,  collection  of  Edgar  A.  Mearns.  Adult  male  from  Mount 
Mayon  at  4,000  feet,  Alhay  Province,  Luzon,  Philippine  Islands,  June  S,  1907. 

Characters. — Pattern  of  coloration  similar  to  that  of  Merula  tftomossoni  Grant, 
but  darker,  with  less  contrast  between  the  coloration  of  the  head  and  that  of 
the  body.     Smaller,  with  relatively  stouter  bill;  prenal  feathers  not  tipped  with 

Ueaeription  of  type  (adult  male). — Upper  surfaces,  except  head  ami  neck,  all 
black;  under  aurface  of  body  black,  perceptibly  washed  with  brown  on  feather 
edges;  head  and  neck,  very  dark  brown,  almost  black  on  crown;  entire  under 
surface  of  wings  and  tail,  dull  black;  under  tail  coverts,  black,  with  narrow 
median  white  stripes,  involving  the  shafts.  Iris,  very  dark  brown;  eyelids,  bill, 
feet,  and  claws,  all  yellow.  Female  exactly  like  the  male.  A  yunger  male  tlian 
the  type  differs  only  in  having  the  feathers  of  the  under  side  of  the  body  edgeil 
with  yellowish  brown. 

IfposuremeHts.— Type  (skin  of  adult  male) :  Length,  215;  wing,  120;  tail,  101 ; 
culmen  (chord,  measured  from  true  base),  23;  bill  from  anterior  margin  of 
nostril,  13;  tarsus,  34;  middle  (oe  with  its  claw,  32.6. 
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Adult  female:  Length,  210;  wing,  117;  tail,  99;  culmen,  20.5;  bill  from  nostril, 
13;  tarsus,  33;  middle  toe  with  its  claw,  32. 

Remarks. — -This  form  is  very  closely  related  to  Jf btuIo  thomationi  Grant,  from 
the  Province  of  Benguet,  in  the  liighlands  of  Luzon,  but  is  aiiialler,  S  adult  male 
topotypes  averaging:  Length,  225;  winp;,  121;  tail,  102;  culmen  (chord),  23.2; 
bill  from  anterior  margin  of  nostril,  14,7;  tarsus,  33;  middle  toe  with  its  claw 
(about),  32.  As  lateral  measurements  of  the  bill  are  the  same  as  those  of 
Merula  thomaasoni,  and  the  length  of  the  latter's  bill  is  I.T  millimeters  greater 
than  that  of  Metula  mayonenais,  the  bill  has  the  appearance  of  being  stouter. 
The  series  of  topotypes  of  Merula  thomaseoni  with  which  comparison  has  been 
made  was  taken  at  the  same  season  (May  8  to  June  7). 

Key  to  the  Philippine  species  of  Merula. 


a.  Wing  less  than  115  millimeters;  sides  of  lower  breast  am!  flanks  chestnut. 

Merula  mindorensis  (Grant). 

aa.  Wing  more  tlian  115  millimeters;  sides  of  lower  breast  and  flanks  not  chestnut. 

b.  Chest,   head  and   neck   all   round   nearly   uniform   broccoli -brown    (slightly 

darkest  on  crown ) . 

0.  Wing  about  120  millimeters;  body  uniformly  blackish;  under  tail-coverts 

longitudinally  striped  with  white. 

d.  Larger;  length,  225;  wing,  121 ;  bill  from  nostril,  14.7 ;  body  dark  brown. 

Morula  thomaasoni  Seebohm. 

dd.  Smaller;  length,  215;  wing,  120;  bill  from  nostril,  13;  body  practically 

black Meritla  mayonensis,  new  species. 

oc.  Wing  less  than  120  millimeters;  body,  including  tail-coverts  and  crissum. 

uniformly  clove-brown  Merula  kelleri  Mearns. 

66.  Chest  paler,  contrasting  strongly  with  the  dark  color  of  crown. 

e.  Smaller  (wing,  124.5  millimeters;  tail,  06.5  millimeters)  ;  chin,  throat 
and  chest  pale  sooty-brown,  rather  lighter  on  breast,  flanks,  and  belly; 
median  area  of  under  surface  dark,  except  at  vent;  under  tail- 
coverts  dark  brown,  with  pale,  whitish,  brown  tips. 

Merula  nigrorum  (Grant). 
ee.  Larger  (wing,  127  millimeters;  tail,  115  millimeters);  chin,  throat, 
and  chest  pale  drab-gray;  flanks  and  breast  similar  in  color  to  the 
upper  surface  of  liody;  median  area  of  under  surface  spotted  with 
white  anteriorly,  all  white  posteriorly;  under  tail-coverts  sooty- 
brown,  with  broad,  longitudinal  white  stripes. 

Merula  matindangensis,  new  species. 
Geocichia  mindanensis,  sp.  nov. 
Mindanao  ground- thrush. 

Type. — No.  14264,  Mearns  collection.  Adult  female  from  Mount  Malindang  at 
6,500  feet,  northwestern  Mindanao,  Philippine  Islands,  June  4,  ISOfl. 

Description  of  Ij/pe  (and  only  specimen) . — Upper  surface,  including  head,  dark, 
ashen-gray,  closely  resembling  the  shade  of  the  same  parts  in  Qeocichia  cinerea 
Bourns  and  Worcester;  feathers  of  the  back,  edged  with  black;  scapulars  with 
black  spots  occupying  the  tip  of  the  weh  on  the  upper  side;  wing  and  tail-feathers, 
shaded  with  brown,  and  crossed  by  obsolete,  wavy  bars  of  darker ;  lores,  eyelids, 
ear-coTerts,  and  checks,  cinereous,  finely  mixed  with  pale  fawn  color,  the  malar 
region  being  cross-banded  with  black  and  fawn,  and  the  ear-coverts  longitudinally 
striped  with  white;  chin  and  throat,  white,  narrowly  cross-banded  with  black, 
and  bordered  by  black  stripes;  pectoral  region,  plain  cinerous-ash,  with  pale  shafts 
to  the  feathers;   lower  chest  and   flanks,  black-and-white,  each   feather  heavily 
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margined  with  jet  black  inclosing  a  sharply  pointed  wliite  spot;  middle  of  ab- 
domen, white;  crissum  white,  faintly  washed  with  buff  which  is  strongest  on  the 
lower  tail-eovertBi  under  side  of  wing-quilla  broadly  white  on  inner  border  af 
base;  edge  of  wing,  white;  axillars.  white  at  ba^e,  broadly  black  at  tip;  under 
wing-coverts,  black,  tipped  with  white  and  pale  eream  color;  upper  wing-covei'ts 
without  white  spots. 

Measurement  of  type  (from  skin).— Length,  230;  wing.  125;  tail,  78:  culmen 
(chord),  25;  bill  from  nostril,  19;  tarsus.  32;  middle  toe  with  its  claw,  30. 

This  species  was  occasionally  seen  as  it  darted  through  the  mossy  forest  or 
alighted  upon  the  ground;  but  it  was  so  shy  that  only  a  single  specimen  was 
shot,  although  its  loud,  sweet  song  was  frequently  heard  at  morning  and  evening. 
It  is  closely  related  to  GeucicMa  andromeda  (Temminck),  which  Mr.  Walter  Oood- 
fellow  has  recently  (February,  11)05)  discovered  at  8,000  feet  on  Mount  Apo. 
Mindanao,  as  recorded  by  Mr.  W.  R.  Ogilvie-Grant,  in  the  Ibis  for  July,  11(06, 
pages  4G8  and  477. 
Zosterops  halconensia,  sp.  nov. 

Mount  Ha  Icon  silver-eye. 

7>pf.— No.  I44S0,  Mearus  collectinn.  Adult  male  from  Mount  Halcon,  Min- 
doro,  Philippine  Islands,  at  the  altitude  of  4,500  feet,  November  14,  1906, 

Remarks. — In  the  Bulletin  of  tlie  British  Ornithologists'  CInb,  vol.  XIV,  page 
13,  October  30,  1903.  Mr.  Ernst  Hartert  separated  the  mountain  Zosterops  from 
Lepanto,  Island  of  Luzon  from  the  lowland  Zosterops  tnepeni  Bonaparte,  under  the 
name  Zosterops  whiteheadi,  and,  in  the  same  paper  (page  14)  described  the 
mountain  form  from  8,000  feet  on  Mount  Apo,  Mindanao,  as  Zosteropi  whiteheadi 
vulcani,  observing  that  the  form  vulcani  evidently  represented  Zosterops  whiteheadi 
whiteheadi  ''on  Mt.  Apo,  but  probably  older  forms  will  also  come  as  subspecies 
into  this  group,  so  that  its  name — that  i*i,  that  of  the  species — may  have  to  be 
altered  eventually," 

In  addition  to  the  forms  whiteheadi  and  vulcani,  which  are  represented  by 
large  series  in  my  collections,  the  form  here  described  was  obtained  in  the  Min- 
doro  highlands. 

Characters. — Sexes  alike.  Similar  to  Zosterops  vulcani.  but  slightly  larger. 
Wing.  56  against  55  millimeters;  tail,  42-^1;  culmen  12-11.5.  Color  yellower, 
but  without  a  longitudinal  yellow  stripe  on  middle  of  abdomen :  sides  more 
whitish  gray;  cheeks  and  ear  coverts  paler  and  yellower,  but  the  yellow  con- 
lined  to  the  chin  and  throat,  not  suffusing  the  upper  chest ;  upper  surfaces  of  a 
more  golden  green. 

From  Zosterops  wkiteheiuli  the  Mindoro  form  is  easily  distinguished,  when 
similar  seasonal  plumages  are  compared,  by  its  greater  size  and  more  yellow 
coloration. 
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By  W.  ScnuLTZK. 
{Frinii  the  Kntnmotogicat  Section,  Hiologicat  Laboratory,  , 


Siuee  the  publication  of  (Seorg  Seinper's  famous  book,  "Die  Sohniet- 
terlinge  der  I'hilippinisclien  Tnselti,"  little  work  has  been  done  on  Philip- 
pine Lopidoptera,  but  tiie  faet  retnains  that  our  lepidopterous  fauna  is 
fairly  well  known.  Tliis  is  mostly  due  to  the  efforts  of  the  above-men- 
tioned autlior. 

Most  of  the  new  species  published  herein  are  from  the  Lake  Lanao 
District,  Mindanao,  which,  up  to  the  present,  has  been  but  little  explored. 

This  papei'  contains  1 1  new  species  together  with  35  species  which 
are  new  to  these  Islands. 

BHOPHALOCERA. 
LYCAENID^']. 
RATHINDA,  Moore,  Lep.  Ceyl.   I18H1),  1,  W. 
Rathinda  cuzneri,  sp.  nov.      (Pi.  I,  fig.  1.) 

?  palpi  black  above,  second  joint  white  below.  Wings  dark-brown  with 
a  bronze  sheen  in  certain  lights.  Fore-wing  with  a  large  white  spot  on 
the  disc.  Hind-wing;  an  oblong  spot  at  the  upper  margin  and  tips  of 
tails  white  ITndereide  fore  wing  as  above  but  somewhat  lighter,  a  white 
costal  istreak  basally  anl  L\t«nding  across  the  thorax;  the  large,  white 
spot  extend"*  to  inner  margin  Hind  svmg  also  with  a  white,  basal  band 
along  costal  margin  and  a  small  subtriangular,  post-medial,  costal  spot. 
Large  whitt,  tnangular  discal  spot  it""  base  parallel  with  the  inner 
margin  Bejond  the  latter  and  below  the  post-medial  costal  spot,  another 
tubtriangular  pjst  medial  one  The  area  between  and  around  the  white 
spots  IS  brown  but  along  the  mter  and  inner  margin,  ocherish,  A  series 
ff  small  black  submargmal  ''jots  toward  upper  angle,  another  black 
spot  between  taili  1  and  Z  and  another  larger  one  between  tails  3  and  3. 
\  white  stieak  between  the  latter  spot  and  margin.  Two  black  bands 
between  tiie  large  white  discal    pot  and  inner  margin,  the  one  next  to 
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the  margin  being  the  smaller,  conneete<l  with  the  black  spot  between 
tails  3  and  3.  All  black  spots  and  markings  with  metallic,  blue  streaks 
on  their  proximal  margins.     Tips  of  cilia  and  tails  white. 

(J:  palpi  white,  third  joint  black  above.  Wings  slightly  darker  than 
in  S.  Tore-wing  with  a  few,  light-blue  scales  between  the  discal  spot  and 
base. 

Ijength  of  wing,  3 :  defective. 

Length  of  wing,  ?;  15  millimeters. 

Ivamao,  Bataan,  P.  I. 

Time  of  capture;  August,  1907.  (Harold  Cuzner  and  W.  Schultze, 
collectors. ) 

I  take  great  pleasure  in  naming  this  very  interesting  species  after  Mr. 
Harold  Cuzner  who  added  the  first  specimen  of  this  species  to  our 
collection. 

Type  S,  No.  5498,  and  2,  No.  787G,  in  Entomological  collection,  Bureau 
of  Science,  Manila,  P.  I. 

EETEROCERA. 
EUPTER0TIDJ5. 
PSEUDOJANA.  Hamps,,  Fauna  Br.  Ind.,  Motha   (1892),  1,  48. 
Pseudojana  clem«nsi    ■sp   nov      (PI    I,  fig.  2.) 

Palpi  dark  (.bestnut  bro^n  head,  on  top,  grey-brown;  collar  and  pro- 
thorax  black  meso  and  metathorax  brownish-grey.  Abdomen  above, 
reddish-ocher  each  segment  with  a  marginal,  crescent-shaped,  black 
band ;  below  brownish  red  an  1  without  the  bands.  Wings  brownish-grey ; 
fore-wing  darker  along  tjstil  margin  and  with  a  darker,  indistinct, 
curved,  subbasal  lino  an  inliitinct  ante-medial,  very  distinct,  dark- 
brown,  medial  and  post  medial  lines,  nearly  straight.  Traces  of  a  sub- 
marginal  line  angled  at  vein  1\  Hind-wing  with  a  straight,  oblique, 
medial  line  and  an  inhhtinct  ].oet-medial  band.  General  color  of  both 
wings  towards  outer  margin  more  reddish.  Underside,  dark  reddish- 
ocher;  both  wings  with  a  rLd  Irown,  medial  and  a  very  distinct,  dark- 
brown,  post-medial  line,  latter  curved,  2:  area  on  both  wings  between 
medial  and  post-medial  lines  greyish  and  beyond  the  lati«r  diffuse  brown, 
with  some  greyish  patches  on  hind-wing  along  outer  margin.  "Underside 
paler  than  in  3,  but  red-btown  along  outer  margin. 

Length  of  wing,  i^:  63  millimeters. 

Length  of  wing,  ? :  77  miOimeters. 

Camp  Keithley,  Lake  Lanao,  Mindanao,  P.  L 
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(Rev.  Joseph  Clemens,  V.  S. 
Entomological  collection,   Bureau   of 


Time  of  capture:  April,  May. 
A.,  collector.) 

Types   i?  and   5,   No.    T.-JSr   ir 
Science,  Manila,  I'.  I. 

J  take  pleasure  in  naming  this  species  in  honor  of  Rev.  Joseph  Clemens, 
chaplain  in  the  Fifteenth  Infantry,  T'^nited  States  Army,  wlio  has  given 
a  large  number  of  insects  to  our  colle(;tion,  from  the  very  interesting 
Lake  Lanao  District. 

ZYUAENID.^:. 


PSEUDEUCHROMtA,  gen.  nov. 

2:  antenna!  bipectinate;  palpi  short  and  porreet.     Mid  and  hind  tibia', 
each  with  one  pair  of  terminal  spurs.     Wings  broad,  apex  rounded. 

Fore-wing  with  veins  IV  and  V  from  lower 
angle  of  the  cell,  vein  VII  stalked  with  VIII, 
latter  with  branch,  Villa:  vein  IX  forming  an 
areole  with  vein  VIII.  Hind-wing,  vein  V 
absent. 

PBcudeuchromia     catachroma     gen.     ft     ap.     nov. 
(PI.  I,  fig.  3.) 

?:  head  dark-brown;  frons  and  collar  yellow; 
thorax  and  abdomen  dark-brown.  A  yellow  spot 
on  mesothorax,  metathorax  and  first  and  second  p,,,^  y 

abdominal  segments.  Other  segments  with  yel- 
low, marginal  bands.  Legs  brown  with  the  coxte  yellow.  Wings  dark- 
brown.  Fore-wing :  a  yellow  basal,  a  large  medial  and  a  post-medial  spot. 
Hind-wing  with  yellow  basal,  medial,  small  elongated  post-medial  spots; 
a  very  small  marginal  spot,  at  the  inner  margin  near  lower  angle  of  the 
wing.     The  spots  on  both  wings  are  elongated. 

Length  of  wing,  (f :  unknown. 

Length  of  wing,  2:  16  millimeters. 

Camp  Keithley,  Lake  Lanao,  Mindanao,  P.  I. 

Time  of  capture:  September,   1906.     {Mrs.  Mary  Strong  Clemens, 
collector.) 

Type  2,  No.  63fi4,  in  Entomological  coDection,  Bureau  of  Science, 
Manila,  P.  L 
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VERNIFILIA,  gpn.  nov. 

9  Palpi  thickly  scaled ;  reaching  above  vertex  of  head ;  antennae  simple. 
Ijegs  with  femora  and  tihise  hairy,  mid  tihise  with  one  pair  of  spurs, 
hind  one  with  two  pairs.  Fore-wing  with  the  costa  nearly  straight, 
slightly  toward  apex;  acute. 

Outer  margin  below  apex  somewhat  excised. 
Vein  Y  from  lower  angle  and  veins  VII,  VIII, 
IX  from  close  to  upper  angle  of  the  cell;  vein 
IX  forked  with  vein  X.  Hind-w.ing,  outer 
margin  evenly  rounded,  veins  IV,  V,  VI  from 
close  to  lower  angle  and  vein  VII  from  the 
upper  angle  of  tlie  cell.  Thorax  and  abdomen 
rather  stout.  Fig.  3. 
Vernlfilia  hyalipuncta,  gen.  et  sp.  nov.    (PI.  1,%.  4.) 

(?    Head    red-brown ;    thorax,    abdomen    and 
wings     above,     ocherish-red,     latter     somewhat  p.^^   ^ 

lighter  basally  and  with  numerous  fine  dark 

striK  all  over.  Fore-wing  with  a  row  of  four  medial,  semihyaline  spots 
of  which  two  are  between  veins  I  and  II  and  the  others  between  II— III 
and  III-IV.  The  second  spot  from  behind  double.  Marginal  line, 
dark-brown,  cilia  grey.  Hind-wing;  cilia,  interior  half  dark-brown, 
exterior  half  white.  Underside  of  both  wings  darker,  the  stride  longer 
and  more  pronounced;  traces  of  a  medial,  broad,  greyish  band.  Fore- 
wing  with  a  large,  dark-brown  spot  just  below  the  apex  on  outer  margin. 
Abdomen  below,  greyish ;  fore  lemur  and  tibia  dark-brown,  others  above, 
greyish,  below  ocherish.  Tarsi  above  dark-brown;  below  ocherisli  with 
stripes  of  the  same  color  above. 

S  with  the  striEe  arranged  in  more  definite  lines. 

Length  of  wing,  (?:  15  millimeters. 

Length  of  wing,  ? :  Ifi  millimeters. 

Camp  Keithley,  Lake  Lanao,  Mindanao,  P.  I. 

Time  of  capture:  March  and  May,  laOT.  (Rev.  Joseph  Clemens, 
United  States  Army,  collector.) 

Types  Nos.,  ^  7562,  and  2  7380,  in  Fntomological  collection,  Burciiti 
of  Science,  Manila,  P.  I. 

This  new  genus  sliould  be  placed  before  Dysodia  Clem.,  as  given  by 
('lemens  and  by  Hampson.^ 

'Dysodia,  Oemens,  Pr.  Ac.  Nat.  Set.,  Phila.  (1860),  U").  Dyaoilia  Ctomens, 
Hampson,  Fauna  Br.  /nd..  Moths  (1802),  1,  30S. 
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NOOTITIDJ.l 

GOKUJ'TliltlN.E. 
CAPOTENA,  Wlk.,  Cat.  l.pp.  Het,  lir.  Miis.   (18571,  11,  714. 
Capotena  spatulata  sp.  iiov.      (I'l.  1,  tij{.  fi.) 

Head  and  thorax  dark-olivo-Urown,  abdouu'ii  above,  lighter;  helow, 
whitish  witli  some  oeheritth  scales.  Anal  tuft  ocharisli.  Fore-wing  grey- 
is]i-brown,  suffuewl  toward  inner  margin.  A  hvrgc,  dark-olive- brown, 
spatiilate,  costal  spot  extending  j)OBterior  to  disc  witli  a  darker  dot  in  its 
center  and  surrounded  by  a  light-grey  line.  Tliis  spot  extends  from  one- 
fourth  to  three-fourths  length  of  costal  margin  and  throe-fourths  width 
of  wing  from  eosta  toward  inner  margin.  A  wavy,  submarginal,  brown- 
ish line,  angled  between  veins  111  and  IV.  Hind-wing  fuscous,  lighter 
toward  base.     Underside  fuseous;  liind-wingH  lighter. 

Length  of  wing,  J:  unknown. 

Length  of  wing,  ?:  16.5  millimeters. 

Manii-a,  p.  I. 

Time  of  capture:  18  April,  lilOS.     (W.  Sehultze,  collector.) 

Type  ?,  No.  9755,  in  Entomological  collection,  Bureau  of  Science, 
Manila,  V.  T. 

QUADRIFIN.fi:. 


FODINA,  I 


„  Nw 


(1S52),  3,  274. 


Fodlna  lanaoensis,  sp.  nuv.      (PI.  I,  %.  (1.) 

Head  and  collar  red-brown,  the  space  between  antennte  and  their  base 
whitish.  Thorax  chestnut-brown  with  a  pink  band  and  brown  tnft  pos- 
-  terior  to  it,  another  brown  tuft  on  first  abdominal  segment.  Abdomen 
and  legs  orange  suffused  with  pink.  Fore-wing  with  a  small,  liasal, 
brown  area  along  costa,  the  color  suffusing  with  pinkiah-grey.  This  area 
is  separate  from  a  large,  irregular,  dark-brown  patch  on  basal  half  and 
along  two-thirds  of  inner  margin,  by  a  cream-colored  lino  which  surrounds 
the  latter  except  along  inner  margin.  A  broad,  greyish-pink,  obli(|ue, 
irregular  band  from  middle  of  costa  to  lower  outer  angle.  Another 
large,  dark-brown,  subtri angular,  apical  pat<;h  also  surrounded  except 
along  the  costal  margin  by  a  cream-colored  line.  Tlie  cilia  dark-greyish- 
pink.  Hind-wing  orange  with  the  apical  area  fuscous-brown.  Under- 
side, orange,  fuscous  toward  outer  margin. 

Length  of  wing,  (?;  31  millimeters. 

Length  wing,  ? :  unknown. 

Camp  Keithley,  Lake  Lanao,  Mindanao,  P.  1. 

Time  of  capture:  8  April,  1907.  (Uev.  Joseph  Clemens,  United 
States  Army,  collector.) 

Type  (?,  No.  7359,  in  Entomological  collection.  Bureau  of  Science, 
Manila,  P.  I. 
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6bb  SCIHILTZH. 

HYPOPYRA,  Guen.,  Noct.   (IB52),  2,  lOS. 
Hypopyra  donata,  ap.  nov.      (11    I    fig   7  ) 

AntennsB  red-brown;  head  and  collir  Iight-grey-brown ;  palpi,  toward 
tip,  black.  Thorax  and  abdomen  light  ocher,  the  latter  with  a  lateral 
series  of  black  dots  near  anal  end  Legs  greyish-ocher,  femoro-tibial 
joint  of  posterior  legs  black  spurs  with  black,  apical  bands.  Wings 
light-ocher,  irrorated  with  black  scales  Fore-wing  with  very  indistinct, 
wavy,  black,  basa!  and  antemedial  and  with  traces  of  a  medial  line  on 
costa;  three  oblique  lines,  dentated  between  veins  11  and  V,  from  apex  to 
middle  of  inner  margin.  Nearly  straight,  light,  submarginal  line,  with 
darker  edges,  joining  the  oblique  lines  at  apex,  .\marginal  row  of  light 
and  dark  dots  on  the  veins.  Cilia  greyish.  Hind-wing  with  the  ante- 
medial  line  straight  and  distinct;  a  slightly  curved,  medial  zigzag  lino 
anda  straight  postmedial  line  with  darker  edges,  from  the  costal  margin 
near  the  apex  to  posterior  outer  angle.  Three  marginal  dots  toward 
anterior  outer  angle  and  two  at  posterior  angle.  Underside  with  more 
black  scales  than  above.  Fore-wing  with  two  indistinct,  black  dots  in  the 
cell;  distinct,  curved,  medial,  zigzag,  line;  indistinct,  straight,  submar- 
ginal line  and  marginal  row  of  dots.  Hind-wing  with  black  spot  in  the 
cell,  very  distinct;  curved,  medial,  zigzag  line  and  indistinct  submarginal 
line;  marginal  row  of  dots  aa  above. 

Length  of  wing,  c?:  35  millimeters. 

Length  of  wing,  ? :  unknown. 

Camp  Keithluy,  Lake  Lanao,  Mindanao,  V.  1. 

Time  of  capture:  March,  1906.     (Mrs.  M.  S.  Clemens,  collector.) 

Type  <?,  No,  6294,  in  Entomological  collection.  Bureau  of  Science, 
Manila,  P.  1. 

FoOiLLiNS. 
PSEUDAGLOSSA,  Gioti.,  Buli.  Buffalo  Soc.  Nat.  Sw.    (1874),  Z,  47. 
Pseudaglosaa  peregrina,  sp.  nov.      (PI.  I,  fig.  8.) 

Antenna!  and  third  joint  of  palpi  ocher,  other  joints  fuscous  blown 
as  are  head,. thorax,  abdomen  and  fore-wing.  Costa  of  tore  wing,  with 
ao  oeberish  streak  for  three-fourths  of  its  length  and  around  the  shoulders 
A  black  spot,  with  white  center,  at  the  end  of  the  cell  Dark  wavy 
postmedial  and  indistinct,  whitish,  submarginal  linci  Ihc  outer  area 
beyond  the  postmedial  line,  slightly  darker.  A  thin  ochensli  inter 
rupted,  marginal  line;  cilia  alternately  brown  and  ocher  One  imall 
light  spot  near  apex  on  costal  margin.  Hind-wing  Itghtei  than  fore- 
wing,  especially  toward  base.  A  darker  and  a  lighter  medial  and  traces 
of  a  postmedial  line,  near  inner  margin.  Marginal  line  and  cilia  a*  on 
fore-wing.  Below;  fore-wing,  liglit-grey,  cell  spot  as  tboie  traces  of  a 
postmedial  line,  a  broad,  submarginal  band,  darkest  at  costal  margin  and 
a  pronounced  oeberish  apical  spot.     Hind-wing,  ocherish  grey    toward 
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outer  margin  fiiRCOiis.  Distinct  wavt-d  antcmwlial,  Kunlial  and  jKist- 
ni(!()ial  bands  and  dark  marginal  line. 

Length  of  wing,  <S :  unlcnown. 

Length  of  wing,  2  r  14  millimetere. 

Tamp  Keithley,  Lalte  Lanao,  Mindanao,  I*.  I. 

Time  of  capture:  U  May,  1907'.  (llev.  Joseph  ClenienK,  United 
States  Army,  collector.) 

Type  ?,  No.  TSaG,  in  Entomological  collection,  Biircati  of  Science, 
Manila,  P.  I. 

CATADA,  W1k„  Cat.  I^p.  Het  Brit.  Mus.   (1858),  16.  200. 
Catada  rubrlcaea,  sp.  nov.      (PI.  T,  fig.  9.) 

Second  joint  of  palpi  hrown  with  white  spots,  third  joint  and  face 
whit* ;  face  with  a  brown  spot  in  center.  Top  of  head  and  collar  brown, 
outlined  with  white.  Thorax  and  first  abdominal  «egment  ocher ;  others 
fuscous  above,  whitish  below.  Fore-wing  reddish-odier  changing  to  fus- 
cous along  outer  margin.  A  nearly  straight,  small,  white,  medial  band 
with  a  thin  dark-brown  line,  along  its  outer  edge,  (^ilia  fuscous  with 
light  oeherish  interspaces.  Hind-wing  fuscous,  the  cilia  light-ocher. 
Underside:  fore-wing  fuscous,  lighter  along  the  markin ;  traces  of  a  post- 
medial  band  near  costa,  a  few  light  spots  along  outer  half  of  eosta.  Cilia 
as  above.  Hind-wing  whitish  with  a  fuscous  spot  at  the  end  of  eel! 
and  a  wavy  postinedial  line. 

Length  of  wing,  •?:  13  millimeters. 

Lengtli  of  wing,  2:  unknown. 

Camp  Keithley,  Lake  Lanao,  Mindanao,  P.  I. 

Time  of  capture:  35  Maroli,  1907.  (Hev.  Joseph  (^lejuens.  United 
States  Army,  collector.) 

Type  <J,  K^o.  7387,  in  Entomological  collection.  Bureau  of  Science, 
Manila,  P.  I. 

GEO  MET  KID  Ji:. 

BOAUMIIN^. 
MEDASINA,  Mo<ire,  Lep.  Ceyl.   (1886],  3,  408. 
Medasina  nigrivlncula,  sp.  nov.      (PI.  I,  fig.  iO.) 

General  color  black-brown;  tips  of  antennas  white.  Fore-wing  with 
Bubcircular,  antemedial,  white  spot  in  the  cell,  another  antemedia!,  white 
spot  along  inlier  margin;  two  postmedial,  white  spots,  the  one  in  the 
center  of  the  out«r  half  of  the  wing  being  the  larger,  the  other  on  inner 
margin.  Apical  spot,  smaller  than  spot  in  cell.  Hind-wing  with  broad, 
white,  curved  antemedial  and  postmedial  bands. 

(f:  fore-wing;  the  antemedial  spot  at  inner  margin  larger  than  in  2 
and  nearly  connected  with  the  one  in  the  eeU.  The  medial,  white  band 
on  hind  wing  more  excised  exteriorly  at  middle. 
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Length  of  wing,  <?:  31.5  millimeters. 

Length  of  wing,  2 :  39  millimeters. 

Camp  Keithley,  Lake  Lanao,  Mindanao,  I'.  L 

Time  of  capture:  March  and  April,  1907.  (Mrs.  Mary  Strong  C-lein- 
cns,  collector.) 

Types,  S,  No,  (>i)3!)  and  ?,  73(i8,  in  Kntoniological  collection.  Bureau  of 
Science,  Manila,  P.  F. 

PYRAUD^-:. 
Gali.kriix.e. 
ACARA,  W!k.,  Cat.  Lep.  Ilefc.  Brit.  Mus.   (lR(i.^),  27,  108. 
Acara  strata,  sp.  nov.      IPl.  I,  (ig.  II.) 

Head  and  thriai  pale  buff  mitathorjv  wliiti  Fii^t  and  wconl  ah- 
doMiinal  segments  above  with  a  vehet  like  light  brown  saddle  other 
segments  luff  with  a  few  scattered  brown  scales  A  large  anal  tuft  con- 
sii-ting  of  large  triangular  grejisli  ■■hiny  scales  Foiewmg  pale-buff, 
a  few  br>wn  stales  scattered  o\er  entire  surface  V  \erv  oblique  line  of 
indiitmct  dots  from  middle  of  inner  margin  to  near  apex  A  marginal 
low  of  brown  dots  midway  between  the  leini  Hind  wing  pearh  white, 
with  brown  dots  as  on  margin  of  fore  wing  but  only  from  the  middle  to 
tlie  ape\  TJndcr«Kk  ptarh  whitt  the  costal  area  ot  fore  and  hind- 
wings  «ith  the  same  cclnr  as  on  forewing  aboie  Each  wing  wiUi  a 
darker  spot  in  the  cell  tratLa  of  a  j  ostmedial  line  the  ron  of  dots  along 
outer  margin  the  sinie  ^s  alo\e 

Length  ot  wing  d"    unknown 

Length  of  wing  ?    ^1  millimeters 

Antipolo,  RiZAL,  I'.  I. 

Time  of  capture:  30  May,  1907.      (W.  Schultze,  collector.) 

Type  2  No  7530,  in  Entomological  collection.  Bureau  of  Science, 
Manila,  P.  I. 

UHT   OF    SPICOIKS    OF    LKl'llXIPTBlLV    NEW    TO   THE   rillLIFl'lNES. 

RHOPALOCEKA, 

LYCAENII).^']. 

DRUPADIA,  Mooie,  Jouni.,  A.  S.  B.   (1884),  53,  pt.  2,  31. 

Drupadia  moorei. 

Silhon  moorei  Distant,  Ann.  Mag.  Nat.  Hist.    (1882),  acr.  5,  10,  34(1. 

Drupadia  moorei  Dist,  Rhop.  Malay.  (1882-8(1),  23H,  pi.  XX,  figs.  20-23. 

Lamao,  Bataan,  P.  I. 

Dec,  1906,  Feb.,  1907.     (H.  Cuaner  and  W.  Schultw,  collectors.) 

Nos.  6437  and  7877   in   Entomological   collection.  Bureau  of  Science,  Manila, 
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PAPILIONID.K. 
CHILASA,  Moore,  Lep.  Cfyl.   (1881|,  1,  153. 
PAPILIO,   Linn.,  Sv3t.  N«t.   (17071.   1,  2,  744. 

Papilio  (Chilasa)  idaeoides. 

I'apilio  idaeoides  Hewita.,  Exot.  Butteiflics,  I,  Ornith.  and  Pap,  pi.  i,  flg.  2. 
S«iiip«i',  Kchin.  d.  Phil.  5,  26G. 

Montalban,  RlZAL,  P.  T. 

10  Mar..  1900.      (Charles  S.  Banka,  collator.) 

No.  5707  in  Entomological  collection,  Bureau  of  Science,  Manila,  P.  1. 

Tliis  interesting  species  is  knon-n  from  Mindanao,  but  as  Semper  innko!s  the 
statement  tliat  the  most  northei'ly  locality  wliere  it  ia  found  is  brtwet^n  the  seventh 
and  eiglith  degrees  of  latitude,  I  give  the  above  data  for  one  female, 

Papilio  brama. 

Giierin,  Rev.  Zool.  11840),  43,  taf.  1.  fiffs,  3,  4.     Dist.,  Rhop.  Malay.  33H. 

Lamao,  Bataak,  P.  I. 

Jan.,  Ifl07.      (E.  M.  T*dyard,  collector.) 

No.  770U  in  Entomological  collection,  Bureau  of  Science,  Manila,  P.  I. 

HETEROCEBA. 

SPHINGID.T^. 

OXYAMBULYX    RotH  I  ild  &  Jordan,  Rev.  Lep.  Earn. 
Sphmg    (1903),  192. 

OxyambUlyx  aemifervens  v  ir 

Basiana  semifervena  W  Ik    Cat   1  ep   Het.  Br.  M.   (18«4),  31,  3H. 

Oxgambulyx  semifettena  Rothadnld  i  .Jordan,  1.  c.  207. 

Manila,  P,  I, 

July,  1903.     (CharleB  S   Banks   collectoi.) 

No.  1332  in  Entomological  collection    Bureau  of  Science,  Manila,  P.  1. 

HiPPOTlON    HUbn     \  erz.  Bek,  Rchni.   (1822),  I.'i4, 

HIppotion  rafflesl. 

Chaerocampa  rafflesi  Bull    Trani   Zool.  Roc.  Lond.  (1877),  9,  550,  n.  14. 

Hippotion  rafflesi  Rothschild  &  Jordan,  I.  c.  755. 

Manila,  P.  I. 

3  Nov.,  1904.      (W.  Schultze   collector.) 

No   G')9  in  Entomological  toltecti  n   Bureau  of  Science,  Manila,  P.  I. 

CECHENENA   Ritl  sihild  &  Jordan,  J.  c,  71)9. 

Cechenena  helops 

Fhilampi.lM  At/o/s  Wlk    (at   Lep   Het.  Br.  M.   (1850),  8,  180. 
techenena  helops  Rothscl  ild  &  Jordan,  1.  c.  801. 
Manila    P   1 

5  Apr     190(1      (V,    Schultze   collector.) 

No   570!  m  Ent  jmological  c  llection    Bureau  of  Science,  Manila,  P.  I. 
60053 8 
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MEGACORMA,  Kothsehild  &  Jardiin,  1.  c.  15. 

Megaeorma  obliqua. 

MacTosila  obliqua  Wik.,  Cat.  U'p.  Het.  Br.  M.   (185(i),  8,  209, 

Oiludio  obliqua  Moore,  Lep.  Ceylim  (1882),  2,  4,  pi.  74,  fig.  2. 

Megaeorma  ohlvjua  Rothscliilil  &  Jordan,  1.  e.  15. 

MANir.A,  P.  I, 

1003.      (Rpv.  R.  E.  Brown,  S.  J.,  c;ol]ector.l 

CYPA,  Walker,  Cat.  Lep.  Het.  Br.  M.   (1804),  31,  41. 

Cypa  decolor. 

Smerinthus  decolor  Wlk.,  1.  o.  (1856),  8,  255. 

Cypa  decolor  Rotliachild  &  Jordan,  I.  c,  298. 

Manila,  P.  I, 

4  Aug.,  190S.     |C!harles  8.  Banks,  collector.) 

No.  5870  in  Entomological  collection.  Bureau  of  Science,  Manila,  P.  1. 

NOTODONTID^. 
CERURA,  Sclirank,  Fauna  Boica   (I802|,  Z,  i  AWli.   155. 

Wik.,  Cat.  Lep.  Het.  Br.  M,   (1855|,  5.  988. 

Harpi/ia  kandyia  Moore,  Lep.  Ceyl.  2,  108,  pi.  120,  figs,  1  &  la.  larva  and  pupa. 

Cerura  Hturata  Hampa.,  Fauna  Br.  Ind.,  Moths   (1882),  1,  155, 

Manila,  P.  1. 

Sept.,  1905.     (B.  E.  Ingeraoli,  collector.) 

No,  4306  in  Entomological  collection.  Bureau  of  Science,  Manila,  P.  I. 

LASIOCAHIPID^l 

ESTIGENA,  Moore,  Lep.  E.  I.  Co.   (1859),  426. 

Estigena  paradalis. 

Wlk.,  Cat.  Lep.  Het.  Br.  M.   (1855),  6,  1453. 

Estigena  nandina  Moore,  Lep.  Cejl.  2,  149,  pi.  142,  flga.  1,  la. 

Estigena  paradalis  Hamps.,  Fauna  Br.  Ind.,  Moths   (1892),  1,  424, 

Mount  Pinatubo,  Zambales,  2,500  ft.,  and  Manila,  P.  I. 

Apr.  and  July,  1907.      (Cliarlea  S.  Banks  and  W,  Sehultze,  collectors.) 

Nos.  7422  and  7708  in  Entomological  eoileetion,  Bureau  of  Science,  Manila, 
P.  I. 

LYMANTBIIDJ?:. 
DASYCHIRA,  Stephens,  111.  Brit.  Ent„  Haust.   (1829),  2,  5S. 

Dasychira  thwaitesi. 

Moore,  T*p,  Ceyl.  2,  98,  pi.  116,  figs.  1,  la  (b.  larva).  Hamps.,  Fauna  Br,  Ii»t., 
Moths  (1892),  1,  449. 

BoHOL;  Camp  Keithlej,  Mindakao,  P.  I. 

May,  1906;  Apr.,  1907,  (A.  Celestino  and  Rev.  Joseph  Clemens,  United 
States  Army,  collectors.) 

Nos.  (5707  and  7404  in  Entomological  collection,  Bureau  of  Science,  Manila, 
P.  I. 
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ARCTIID^. 

LiTHOSIIN/E. 
LITHOSIA  Fabr.,  Ent.  Syat.  Siippl.   (1708),  459. 

Lithoeia  antica. 

Wlk.,  Cat.  Lep.  Het,  Br.  M,   (1854),  2,  505.     Hamps.,  Fauna  Br.  Ind.,  Moths 
(1884),  2,  79. 

Camp  Keithley,  Mindanao,  P.  I. 

Mar.  and  June,  Ii)07.      IRev.  Joseph  Clemena,  Uiiitpd  States  Army,  collector.) 

Nos.  7397  and  75H9   in  Entomological  collection.  Bureau  of  Science,  Manila, 
P.  I. 

Nycteolinje. 

EARIA8,  H(ihn„  Vera.  Bek.  Sohm.   |IS1H),  .^HB. 

Earias  chromataria. 

Wlk.,  Cat.  Lep.  Het.  Br.  M.   (180.^),  27,  204.     Hamps.,  Fauna  Br.  Ind„  Moths 
(1R94),  2,  133. 

Maao,  Neghos  Occ,  P.  I. 

Feb.,  1902,      (Charles  S.  Banks,  collector.) 

No,  3529  in  Entoniolofjicai  collection,  Bureau  of  Science,  Manila,  P.  T, 

NOCTUID^'l 

Trifin^. 

MAGUSA,  Walker,  Cat,  Lep.  Het,  Br.  M.   (1857),   11,  762. 

Magusa  tenebrosa. 

Moore,  Proc.  Zool.  Soc.  Lond.   (18671,  59. 

Hamps.,  Fauna  Br.  Ind,.  Moths   llBa4),  2,  22li. 

Manila,  P.  I. 

May,  1905.      (W,  Schultze,  collector.) 

No.  2918  in  Entomological  collection.  Bureau  of  Science,  Manila,  P.  I. 

CARADRINA,  Oehsenheimer,  Eur.  Schm,   (1816),  4,  80. 

Caradrlna  quadrlpunctata. 

Fabr.,  Syst.  -Ent.,  594.     Hamps,.  Fauna  Br.  Ind.,  Moths   (1899).  2,  260. 

Manila,  P.  I. 

June,  1S05.      (W.  Schultze,  collector.) 

No.  3088  in  Entomological  collection.  Bureau  of  Science,  Manila,  P.  I. 

LEUCANIA,  Ochsenheimer,  Eur.  Schm.  4,  81. 

Leucania  decisisslma. 

Wlk.,  Cat.  Lep,  Het,  Br.  M.  (1805),  32,  1)24.     Butl.  111.  Het.  Br.  M.  6,  pi.  109, 
fig.  fi.     Hampa,,  Fauna  Br.  Ind.,  Moths  (1894),  2,  269. 

Camp  Keithley,  Minbanao,  P.  I. 

Sept.,  Oct.,  1906.      (Mrs.  Mary  S.  Clemens,  collector.) 

No.  6940  in  Entomological  collection.  Bureau  of  Science,  Manila,  P.  I. 
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:72  SCHULTZE. 

Wlk.,  Cat.  Lep.  Het.  Br.  M.  (1857).  11,  710.     Hsmps.,  Fauna  Br,  Ind.,  Motlis 
1894),  2,  273. 
Mamla;  Bago,  Nkqbos  Occ,  P.  I. 
Dec,  1905;  May,  IflOfl.     (Cliarles  8.  Banks,  collector.) 
Nos.  4781  and  f!2H5  in  Entomological  collection,   Bureau  of  Science,  Manila, 


LEOCYMA,  Gnen,,  Noct.    (1^52),  2,  212, 

Hamps.,  III.  Het,  Br.  M.  (IR.'ifil,  9,  92,  pi.  1111,  fig.  7.     Hampa.  Fauna  Br.  Ind., 
Moths,   (18941,  2,  28S, 
Manila,  P.  I. 

,Sept.,  1905.      (diaries  ,S.  Banks,  collector.) 
No.  4457  in  Entomological  collection,  Bureau  of  Science,  Manila,  P.  I. 

PALlNIiriN';*;. 

CALLYNA,  (iuenec,  Noct.    (1852),  I,  113. 

Callyna  costiplaga. 

Moore,  Lep.   Ceyl.   3,   100,   pi.   150,   ti;;.   10.     Hampa.,   Kaniia   Br,   Ind.,  Mollis 
(1894),  2,  357. 
Manila,  P.  I. 

Feb.,  1002.      (Charles  S,  Banks,  collector.) 
No.  7fi85  in  Entomological  collection.  Bureau  of  Science,  Manila,  P.  I. 

BAORISA,  Hewitson  &  Moore,  Deacr,  New  Ind.  Lep.  from  Atkinson 
Coll.  (1879),  133, 

Baorisa  hieroglyph  lea. 

Moore,  I.  c.  133,  pi.  i,  fig.  14. 

Ramadasa  hieroglypkica  Hampa,,  Fauna  Br,  Ind,,  Motha   (1894),  2,  358, 

Manila,  P,  I, ;  Camp  Keiihley,  Mindanao,  P.  T. 

Apr.,  1906;  Mar.,  1907.  (M.  Lindquist  and  Rev.  Joaeph  Clemens,  United 
Statea  Army,  collectors.) 

Nos.  6224  and  73fi3  in  EntomoloR-Jcal  collection.  Bureau  of  Science,  Manila, 
P,  I, 

S.\R  ROTK  RI  n  N  JE . 

PLOTHEIA,  Wlk.,  Cat.  Lep.  Het.  Br,  M.   (1857),  13,  1108. 

Plotheia  strigifera. 

Moore,  Lep,  Cejl.  3,  103,  pi,  158,  fifpi.  3,  3a.     Hamps.,  Fauna  Br.  Ind.,  Moths 
(1894),  2,  370. 
Manila,  P.  I. 

Aug.,  1905.     (Charles  S.  Banks,  collector.) 
No.  3855  in  Entomological  collection.  Bureau  of  Science,  Manila,  P.  T. 
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StICTO  PTERIN  jE. 
8TICT0PTERA,  Giieni^,  Nort.   (1852),  3,  SI. 

Stictoptera   coatata. 

Monie,   J,ep.   Cfvl.   3,    123,   [il.    Ifid,   tifr.   8.     Hamps,   Fauna   Br.   Ind.,   Moths 
(1894),  2,  40rl. 

Manila,  P.  I. 

Junp,  1905.      (Charles  R.  Bank,  collector.) 

No.  31H1  in  Entomological  collection,  Bureau  of  Science,  Manila,  P.  I. 

Qii.\drifin.t;. 
HYPOCALA  Uvien^,  Noct,   (1S.52],  3,  7.I. 
Hypocaia  deflorata. 

Kftbr.,  Ent.  Syst  3,  472.     Hamps,,  Fauna  Br.  tnci,,  Motlis  (18n4),  2,  453. 

Manila.  P.  1, 

Nov.,  190.^.      (Charles  8.  Banks,  collector.) 

Xo.  4r>7<i  in  Entomological  collection,  Bnreau  of  Science,  Manila,  P.  1. 

DELGAMMA,  Moore,  Lep.  Ceyl.   (ISa.'il,  3,  1(18. 

Delgamma  pangonla. 

Guen.,  Noft.  3,  214.     Hampa.,  Fauna  Br.  Ind.,  Moths   (1804),  2,  .512. 
Manila,  P.  I.      (Rev.  R.  E.  Brown,  S.  -T.,  collector.) 

ACANTHOLIPES,  Lederer,  Noet,  ¥Air.   (1857),  108. 

Acanthoiipea  trajectus. 

Wlk.,  (.:at.  Irfp.  Het.  iSr.  M.  33,  1)8B,     Hamps,,  Fauna  Br.  lnd„  Moths   (18l>4), 
2,  521. 

Manila,  P.  1, 

Dec,  1005.      (W.  Schultze,  collector.) 

No,  47.W  in  Entomological  collection.  Bureau  of  Science,  Manila,  P.  T. 

OPHIDERES.   Boisduval,  Fauna  Ent.  Madag.    (1834),  flO. 

Ophideres  tyrannua. 

Guenfe,  Noct.  3,   110.     Moore,  Trans.  Zool.  Soc.  Loud.,  11,  fid,  pi.   13,  tig.  5. 
Hamps.,  Fauna  Br.  Ind.,  Motha   (18114),  2,  662. 
Manila,  P.  I. 

Jan.,  lOOB.      (Charles  S.  Banks,  collector.) 
No.  4041  in  Entomological  collection,  Bureau  of  Science,  Manila,  P.  I. 

DeLTOIDIN.^!. 

6IMPLICIA,  Guenfe,  Delt.  et  Pyr.   (1S54),  .ll. 

SImpllcia  marglnata. 

Bocana  marginata  Moore,  Deacr,  Lep.  Atk.,  185,  pi.  6,  tig.  Ifl. 
Simplicia  marginata  Hampa.,  Fauna  Br.  Ind.,  Moths  (1895),  3,  36. 
Camp  Keithle;,  Mindanao,  P.  I. 

Apr.,  1907.      (Rev.  Joseph  Clemens,  United  States  Army,  collector.) 
No,  7563  in  Entomological  collection,  Bureau  of  Science,  Manila,  P.  1. 
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Hypenin^. 
MARAPANA,  Moore,  I^p,  Ceyl.   (1885),  3,  227. 

Marapana  pulverata. 

Guen*>e,  Noct.  3,  351.     Hamps.,  Fauna  Br.  Ind.,  Moths  ( 1895),  3,  72. 

Manila,  P.  I. 

July,  1907.     (VV.  ScliultKe,  collector.) 

No.  7711  in  Entomological  collection.  Bureau  of  Science,  Manila,  P.  I. 

HYPENA,  Schrsnk,  Fauna  Boica  (1802),  2,  2,  163. 

Hypena  biplagiata. 

Butl.,  III.,  Het.  7,  86,  pi.  134,  fig.  1.     Hamps.,  Fauna  Br.  Ind.,  Moths   (18!»5). 
3,  SO. 

Mailum,  Bago,  Negbos  Occ,  P.  I. 

June,  1906.      (Charles  S.  Banks,  collector.) 

No.  8283  in  Entomological  collection.  Bureau  of  Science,  Manila,  P.  I. 

GEOMETRID^il. 

GKOMETEINyE. 
PSEUDOTERPNA,  Htlbn.,  Verz.  Bek.  Schm.    (1818),  284. 

Pseudoterpna  ruginaria. 

Hypochroma  ruginaria  Guenfe,  Plial.  (1857),  1,  278. 

Pseudoterpna  ruginaria  Hamps.,  Fauna  Br,  Tnd.,  Moths   (I8',151,  3,  472. 

Manila,  P.  I. 

1M3.     {Rev.  R.  E.  Brown,  S.  J.,  collector.) 

PYRALID^. 

Gai.i.eeitn*. 

GALLERIA,  Fabr.,   Ent.  Syst,   SuppI,    (17»H),  4fi2. 

Galleria  mellonella. 

Phaiaena  mellonella  Linn.,  Sjst.  Nat.  1  0,  I,  537. 

Oatleria  mellonella  Hamps.,  Fauna  Br.  Ind.,  Moths   (180f>),  4,  d. 

Manila,  P.  T. 

10  Jan.,  1905.      (W.  Sehultze  and  R.  Clute,  eollectors.) 

No.  2199  in  Entomological  collection,  Bureau  of  Science,  Manila,  P.  I. 

SCHOENOBIIN^. 

RAMILA,  Mooie,  Proc.  Zool.  Soc.  Lonil.    (1807),  067. 

Ramlla  acciutalis. 

Wlk.,  Cat.  Lep.  Het.  Br.  M.,   19,  977.     Moore,  I.ep.  Ceyl,,   3,  pi.   184,  fig.  5. 
Hamps.,  Fauna  Br.  Jnd.,  Moths  (1896),  4,  42. 
Mailum,  Bago,  Neobos  Occ,  P.  I. 
June,  1906.      (Charles  S.  Banks,  colleetor.) 
No.  C388  in  Entomological  collection.  Bureau  of  Science,  Manila,  P.  I. 
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Hydrocampin^. 
TALANGA,  Moore,  Lep,  Ceyl.   (1885),  3,  300. 

Talanga  scxpunctaiia. 

Slooi-e,   1,  c,   301,  pi,   181,  fig.   1:1.     Hamps.,   Fmma   l!r.    Iii.l,.   MotliB    (18!lfl), 
4,  221. 

Manila,  P.  I. 

Aug.,  1907.      (W.  Scliultze,  collector.) 

No.  7956  ill  Entomological  collection,  Biueau  of  Science,  Manila,  P.  I. 

DiCHOCliOCIlN^. 
GONIORHYNCHUS.  Hamps.,  Fauna  Br.  Ind.  Motlia   11890),  4,  322. 
Gonlorhynchus  plumbeizo nails. 
HampB.,  1.  c.  323. 
Manila,  P.  I. 

Aug.,  1905.      (W,  SchultZH,  tollector.) 
No.  4104  in  entomological  collection,  Bureau  of  Hcience,  Manila,  1'.  1. 

Pyraustin^,. 
REHIMENA,  W!k.,  Cat.  Lep.  Het.  Br.  M.   (18(i5),  34,  1492. 

Rehimena  phyrnealls. 

Wlk.,  1.  c.  1859,  18,  030.     Moore,  Lep.  Ceyl.,  3,  290,  pi.  181,  fig,  5.     Hamps., 
Fnuna  Br.  Ind.,  Moths  (1896),  4,  261. 
Manila,  P.  I. 

Jan.,  1907.     ,(W.  Scliultze,  collector.) 
No.  6500  in  Entomological  collection,  Bureau  of  Science,  Manila,  P.  1. 

MEROCTENA,  Led.,  Wien.  Ent.  Monatsachr.  (1863),  392. 

Meroctena  tullalia. 

Wlk.,  Cat.  Lep.  Het.  Br.  M.,  1859,  18,  649.     Hamps.,  Fauna  Br.  Ind.,  Moths 
(1890),  4,  376. 
Manila,  P.  1. 

Aug.,  1905.     {W.  Schultze,  collector.) 
No.  4001  in  Entomological  collection,  Bureau  of  Science,  Manila,  P.  I. 
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INTKODUCTION. 

The  Island  of  Cebu  shows  outcrops  of  coal  in  almost  all  portions  of 
its  area.  Abella  in  his  "Deseripei6n  de  Cebu"  '  cited  as  many  as  fifteen 
localities  scattered  from  one  end  of  the  island  to  the  other,  and  on  both 
coasts.  Some  desultory  mining  has  been  carried  on  near  Mount  Tiling, 
in  the  barrios  of  Lutac,  Alpaco  and  Guilaguila,  but  the  most  serious 
undertakings  in  the  colliery  line  were  the  workings  at  Licos  and  Camansi 
in  the  region  behind  (west  of)  Compostela  and  Danao,  on  the  east  coast, 
about  50  kilometers  north  of  the  city  of  Cebu.  The  last  active  work  in 
this  field  was  done  in  1895,  for  the  insurrection  broke  out  in  1896,  and 
since  the  American  occupation  no  production  has  been  recorded,  although 
diligent  exploration  and  development  lias  heen  resumed. 

A  topographic  and  geologic  survey  of  the  Compostela,  Danao  and 
Carmen  areas  was  undertaken  in  the  early  part  of  1906  with  the  intention 
of  aiding  in  tliis  work.  The  area  which  is  mapped  comprises  approxi- 
mately 100  square  kilometers  (36  square  miles)  and  is  indicated  by  the 
rectangular  space  marked  on  the  index  map.  (Map  I.)  Messrs.  Good- 
man and  Ickis  executed  the  topography,  naing  transit  and  stadia,  their 
work  being  tied  to  the  Liloan  light-house,  the  position  of  which  has  been 
closely  determined  by  the  Coast  and  Geodetic  Survey.  I  was  engaged  in 
mapping  the  geology  during  the  months  of  December,  January  and 
February;  in  this  work  I  was  assisted  during  the  latter  portion  of  the 
time  by  Mr.  Goodman. 

The  difficulties  attendant  iij  on  all  tropical  work  have  made  it  impossible 
to  indiiate  as  many  details  as  wo  dobired  to  The  two  great  obstacles  to 
geologit  work  m  (_ebu  aie  the  excejtimal  giowth  of  cogon  grass  and 
the  ver^  thi(k  formation  of  talui  Outcicps  consequently  are  not  suf- 
ficient m  frequemi  to  alkn  of  accuiate  correlation  of  many  of  the  strata. 
If  the  lattei  weie  undistuibed  oj  tven  approximately  so,  as  is  the  ease 
m  1  iiizoiital  fonnations  we  mi^lit  infer  that  what  we  found  to  be  true 
in  oi  e  pait  of  the  field  would  bold  m  all  paits  but  in  Cebu  we  have 
foimd  such  -ieiiouB  distnibance  the  tli] «  and  strike  of  the  beds  changing 
so  ladjcallj  withm  only  a  fc«  metera  tliat  it  would  be  extremely 
lia^aidous  i&\e  m  a  (eii  genual  wa\  to  attempt  to  predict  the  courses 
of  these  formations  beneath  the  surface  During  the  progi-ess  of  the 
mapjing  ne  lound  ouisehes  vei^  larely  able  to  trace  boundaries  on  the 
suiface  but  m  time  ne  tame  to  judge  <t  tin,  underlying  fonnation  with 
fair  accuracy  by  studying  the  tojiography  and  the  character  of  the  vegeta- 
tion. All  who  have  tried  to  do  exploratory  work  through  cogon  grass  and 
"tiebao"  will  agree  that,  even  though  the  dense  jungle  of  such  districts 
as  Batan  Island  is  Jacking  in  Cebu,  nevertheless  for  certain  features  of 
the  work  the  kind  of  country  we  have  en  countered  in  this  work  can  be 

'Abella  y  Caaariego,  Enrique:  Eflpida  descripciuii  ffaica,  geol6gica  y  minera 
de  !a  Isla  de  CebO,  Madrid  (1886). 
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just  as  bad.  In  order  to  nm  a  traverse  aUms  an  arroyci,  the  only  place 
where  there  is  any  hope  of  reaching  outcrops  and  obtaining  a  key  to  the 
structure,  I  was  forced  actually  to  tunnel  my  way  through  the  vegetation 
with  the  help  of  natives  and  bolos.  This  will  jtive  some  idea  of  the 
difficulties  we  encountered.  In  one  afternoon  we  covered  approximately 
one-half  mile.  In  a  way  it  might  appear  that  I  owe  an  apology  for 
puhlisliing  anything  at  all  on  this  region  at  this  time,  but  I  feel  that 
even  the  incomplete  data  whicli  I  can  furnish  will  give  information  which 
will  be  of  some  guidance  to  those  financially  interested  in  the  field  and  of 
interest  to  geologists  in  otlier  lands. 

I  shall  refer  readers  of  this  ])aper  to  the  work  of  Abelia,  cited  above, 
for  an  account  of  the  mining  work  done  in  Spanish  days  in  this  field; 
however,  I  sliall  exhibit  one  map  which  was  made  after  his  publication. 
An  examination  of  liis  geologic  map  will  show  that  he  did  not  attempt  to 
map  the  region  in  detail,  so  that  we  feel  that  the  new  one  will  be  a 
distinct  advance  on  what  has  already  been  done.  I  shall  add  no  more 
in  regard  (o  the  present  state  of  exploration  and  development  than  that 
there  aj-e  two  companies  on  the  ground  who  are  making  vigorous  and 
lionest  efforts  to  ascertain  the  value  of  the  properties.  There  are  many 
interesting  features  in  connection  with  the  work  which  I  would  like 
to  publish,  but  both  companies  in  extending  me  many  courtesies  and 
showing  me  everything  have  requested  that  for  the  present  at  least  this 
information  be  considered  confidential.  I  wish  to  make  grateful  acknowl- 
edgments to  the  Bureau  of  Constabulary,  which,  through  its  two  officials 
in  Ccl™  and  Capt.  H.  W.  Hunt  at  Danao,  rendered  mucii  assistance  and 
showed  our  parties  numerous  personal  courtesies ;  and  to  Mr.  If.  D. 
Everett  of  tlie  Hiircau  of  Forestrv,  for  valuable  forestry  notes. 

OEOORAPHT. 


Tlie  area  under  discuafe  on  tcmprises  a  rectangular  tract  of  about 
100  square  kilometers  {3C  square  mdes)  of  territory  on  the  upper  waters 
of  the  (Jot-Cot  and  Danao  Rneis  The  eastern  boundary  of  the  district 
is  the  front,  or  coast  range  of  hills  which  includes  Mounts  Licos  and 
Mangilao ;  the  western  is  formed  by  the  Cordillera  Central,  which  is  the 
long,  sinuous  backbone  of  the  island.  The  area  extends  as  far  north  as 
a  line  east  and  west  from  the  puehlo  of  Carmen,  while  Mount  Acsubing 
marks  its  southernmost  extension. 


The  monsoons  are  not  as  clearly  marked  in  Cebu  as,  for  instance, 
they  are  in  Ijuzou.  This  is  largely  due  to  the  fact  that  the  mountains 
are  not  so  high,  nor  is  the  width  of  the  island  sufficiently  great  to 
make  conditions  on  one  coast  appreciably  different  from  those  on  the 
other. 
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An  inspection  of  this  table  will  show  that  there  are  no  ehgrply 
defined  dry  and  rainy  seasons.  The  heavy  precipitation  of  January  might 
in  another  year  come  in  the  month  of  May.  The  rainfall  in  Cebu,  where 
the  relief  is  pronounced  and  trees  over  much  of  the  area  conapicously 
lacking,  gathers  very  quickly  in  the  arroyos  and  in  a  very  short  time  the 
streams  attain  alarming  proportions  and  work  great  havoc. 


I  am  very  fortunate  in  being  able  to  make  nee  of  the  excellent  report 
of  Forester  H.  D.  Everett,  of  the  Bureau  of  Forestry.  His  report  is 
much  more  relialtle  and  complete  than  any  discussion  I  could  give  and 
therefore  I  have  abstracted  it  almost  in  its  entirety  and  in  his  own 
words : 

Less  than  Mty  yeara  ago  most  of  this  hill  and  mountAin  country  was  covered 
with  a  gooil,  merchantable  forest,  but  (^tearing  has  been  ao  rapid  that  now  only 
an  inferior  forest  remains,  small  in  area  and  located  on  the  steepest  and  moat 
inaccessible  slopes  and  peaks.  The  forest  areas  are  as  follows,  in  order  from 
the  poorest  t«  bestt  On  the  moimtaina  of  Licos,  Manghilao,  Pulgason,  Lantauan, 
Donga  and  Ugui^i.  Licos  and  I'ulgason  are  near  the  mines  of  the  Inaular  Goal 
(^mpany,  but  the  others  are  nearer  and  more  accessible  to  the  mines  of  J.  G. 
White  Sl  Co.  On  tbc  went  side  of  the  main  <livide  of  the  island  and  tributary 
to  the  Balnmban  River  are  the  foiests  of  Sacsac,  large  in  area  and  in  good  conili- 
tion,  but  practically  inaccessible  from  the  east. 

The  forest  of  Mount  Licoa.- — Mount  Licos  is  a  long,  narrow  ridge  extending 
from  Camansi  to  the  Compoatela  mines,  reaching  a  height  of  1,TI>0  feet  above 
the  sea.  Only  its  top  and  steepest  rocky  slopes,  which  can  scarcely  be  climbed, 
have  any  tree  growth  and  this  is  small  and  scattered.  It  is  mapped  as  noncom- 
mercial. Almost  no  trees  of  the  better  species  grow  there,  although  twenty 
years  ago  a  considerable  quantity  of  good  timber  was  secured  in  this  place- 
Almost  no  timber  can  be  obtained  for  the  mines.  A  few  pieces  for  temporary 
work  of  inferior  kinds  can  possibly  be  cut. 

Although  this  forest  is  small  and  in  a  deplorable  condition,  if  it  were  protected 
from  cutting  and  caingins  (forest  clearings)  for  some  years,  it  would  probably 
recover.     The  land  is  only  fit  for  forest  use. 

The  forest  of  Mount  Pulgason.- — Mount  Pulgason  is  a  large  mountain  with 
many  radiating  ridges  most  of  which  are  covered  with  cogon  or  small  brush. 
Many  caingins  cultivated  to  com  are  on  its  slopes.  The  forest  is  locat«d  on  the 
top  and  in  some  of  the  draws  near  the  t«p,  on  both  the  east  and  west  sides. 
Some  of  this  may  be  considered  as  merchantable,  although  it  has  been  cut  over 
for  many  yeara  by  the  licensee,  Ambrosio  Lao.  It  is  evidently  by  his  eflorta 
that  so  much  of  this  forest  baa  been  preserved  from  destruction  by  cainjttu, 
since  the  slopes  are  not  very  rocky  and  cain7}ins  could  easily  be  made. 

The  forests  have  a  denser  stand,  latter  trees  and  better  species  than  on 
Mount  Licos,  yet  nevertheless  they  are  in  a  poor  condition,  being  characteriied 
by  amatl  trees  and  scattered  growth.     The  species  are  mostly  unknown  small  trees 
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uith  aluan  '  sambulauHii,  and  a,  little  nana  and  imaga  The  narra  and  amaga 
are  small  trees  and  scarce 

The  forest  of  Mount  Manghilao — Mount  Manghilao  is  part  of  thp  coast  range 
of  hilla  and  liea  close  to  thP  towns  of  Danao  and  CarnieD,  showing  prominently 
Its  elevation  ig  about  2  250  feft  above  the  lea  The  remaining  forest  reata  on 
the  rockie>it  part  of  the  top  and  partlj  donn  the  rocky  slopes,  which  in  places 
are  cliffs  The  forest  has  been  subjected  to  e\cessiie  cutting  m  the  past  and  to 
considerable  destruction  by  catiT^tns  It  is  a  tangle  of  \ine8,  saplings  and  small 
trees  with  a  few  scattered  large  trees  of  lauan,  manaog  nipot  nipot  and  nato 
There  are  present,  as  m  all  of  these  mountaina,  a  large  number  of  tree  apeoiea 
few  of  ubich  are  valuable  A  part  uf  this  forest  11U13  be  called  merchantable 
here,  although  iti  better  timbered  regions  it  would  lie  nonmerchan table  First 
group  trees  are  practically  wanting  miat  is  really  utiled  for  in  thia  forest  is 
absolute  protection  for  many  years 

The  forett  of  Mount  Lantauan —"Stiii  mountain  is  a  sharp  peak  of  \olcanic 
rock,  so  rocky  and  precipitous  that  aome  good  timber  still  remains  because  it  la 
so  difhcult  to  cut  In  places  the  forest  la  fairl>  dense  and  of  good  sized  trees 
chief  amonf;  which  are  niiite  lauan,  duca,  nat«,  maobog,  lanete  narra,  bagtican 
and  ditaa  On  this  mountain  tonsiderable  mine  timber  <in  be  cut  nithout  serious 
silviciittural  damage  to  the  forest 

"List   of   tree   species   with   native   and   botanical   names   mentioned    in   Mr. 


=  Oarutia  ftoribUTida  Dene. 

=  Alatonia  achataria  B.  Bt 

=  Tarrietia  aylvatica  Merr. 
=  Vtieir  ahemiana  Merr. 
=  Shorea  gviao  BI. 

=  WTightia  sp. 

=  8hOTea  ap. 


—Pafiodio  rhombaidea  PrB 
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The  foieat  of  Mounls  f'j/uw  and  Itonga — Mount  Dciiga  la  really  a  foothill  ot 
r  n  Ige  called  Lguia  The  upper  slopes  and  tops  of  these 
(  fairly  well  wooded  ond  iiave  suffered  less  from  tutting  than 
the  other  mountains  This  is  due  to  the  fact  tha.t  they  are  farther  from 
Danao  and  that  their  steep  slopes  co\ered  with  huge  volcanic  bowlders  make 
logging  extremely  ditlitult  and  in  place'*  impossible  Howe\er  mine  timbers 
could  be  cut  on  these  slopes  and  skidded  out  by  hand  at  a  considerable  expense 
It  IS  probable  that  timber  could  be  imported  from  other  islands  at  leas  expense 
than  it  could  be  secured  on  this  mnutitnm  except  in  famine  jenrB  when  the  people 
»ork  very  cheaply 

Uguia  and  ]}onga  have  a  fnir  sprinkling  of  nnrra  bagtican  amaga  lanete 
and  duilgon  amjng  the  many  inferior  ipecies  whiel    are  also  present 

The  forest  of  the  Aaesnc  Rtvrr — An  extensive  virgin  forest  eusta  across  the 
main  divide  of  the  island  and  tributary  to  the  Ijalamban  Rivpr  containing  large 
trees  of  lauan  simbulnuau  quia  quia  nam  pili  l)Bgticin  and  other  timber 
species  Bejuoo  I  rattan)  also  gro«8  in  this  forest  in  fair  abundance  At  present 
the  forest  is  inaccessible  from  the  east  but  it  is  barely  possible  that  at  great  ex: 
pense  yet  not  a  piohihitiie  one  n  road  could  be  made  up  the  UguiB  stream  and 
across  the  divide  by  which  this  timber  could  be  brought  to  tl  e  Danoo  River  and 
thus  to  the  minea 

Cutting  rules  copies  of  which  have  been  Hent  ( >  the  three  licensees  are  based 
on  the  following  facts  and  conclusions 

( 1 )  In  these  forests  it  is  possible  f  o  secure  Only  a.  small  part  of  the  necessary 
mine  timber  from  first  group  trees 

(2)  There  are  some  sptcies  of  tie  lower  groups  which  will  scne  fairly  well 
cspeciaily  for  temporary  work 

(3)  The  cutting  of  small  trees  of  the  first  and  sectnd  groups  in  these  forests 
will  exterminate  those  sjecien 

(4)  It  will  be  necessar\  to  import  timl  er  from  other  rigions  for  the  proper 
future  deielopmenf  of  the  mines 

(5)  l"he  iuture  dcielopment  of  the  mines  will  double  the  demand  for  timber 
((ij   The  tiees  at  present  being  tut  are  small  «ith  an  a\eraffe  diameter  of  not 

n  ore  than  25  centimeters 

(7)  The  forests  especially  those  (f  Licos  Pulgason  and  Manghilao  are  m 
very  poor  uondition 

Uie  of  timber  m  (fie  coal  mine<  Timber  «as  used  in  former  times  and  is 
needed  at  present  in  the  form  of  ties  for  the  tramiiay  leading  from  Camansi  to 
IJanao  and  ax  posts  caps  and  lagging  for  the  tunnels  The  company  which 
operated  the  mines  in  Spinish  times  used  mostly  the  moat  durable  timber  of  the 
first  group  such  as  molave  and  tindalo  botl  for  the  tramwaT  and  for  the 
tunnels 

Old  timbin,  of  the  Oomposlela  mine?— Mcst  of  the  timbers  were  placed  in 
these  mines  m  the  years  1895  and  189b  Thej  consist  for  the  greater  part  of 
molave  tindalo  lacil  xnd  tiarra  Hith  a  few  f  the  inferior  or  little  known 
species  which  grow  in  the  neighborhood  The  lagging  was  made  of  poles  of  datiUa 
or  caballero  Some  of  the  old  tunnels  are  now  being  cleared  out  an!  new  timbers 
put  m  Hi  ere  the  old  ones  are  no  longer  serviceable  Up  to  the  present  time  not 
more  than  40  per  cent  of  the  old  posts  and  caps  have  been  removed  in  the 
Enrique  Abella  tunnel  Manv  of  the  molave  timbers  are  perfectiv  sound  after 
about  twelve  years  of  service.  The  following  specimen  sections  were  taken  from 
some  of  the  old  timbers  at  the  ends  where  they  were  in  contact  with  the  soil, 

Xo.  J.— Pagaagon  post,  sound  with  the  exception  of  about  one  centimeter  on 
the  outside  and  one  bad  knot  which  had  weakened  the  post. 
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So.  2. — Betis   (!)   post    m  good  condition 
2fo.  S.—Gaijo  cap   badb  rotted  at  the  ends 
ilo.  i.- — Pagsagon  post   fairly  sound  but  weakened 
Vo.  5. — Tindalo  poit   affected  in  spots  tut  fairly  lound 
No.  S. — Bogo  post   affected  in  spots  S5  as  to  be  UHeless 
No.  T. — Molaie  post   slightly  affected  so  as  to  bp  weakened 
No  8. — Molftye  cap   fairlj  sound  with  hollow  at  the  heart  Hhieh  was  probably 
there  originally 

No.  9. — Tindalo  cap   still  uaeful 

No.  10. — Nipot  nipot  cap   badly  rotted 

ffo.  Ji.~Putian  (?)  post  slighth  affected  at  heart 

So.  12. — Taguilumboy  post    still  fairly  soun  I  and  could  ^ne  for  acme  time 

No.  13. — Nancaon  poat   m  fair  condition 

The  above  timbers  hfl\e  seen  ten  to  tnehe  ^eir  fenice  In  general  the  caps 
are  affeeted  by  decay  sooner  than  the  pp8t» 

A  large  proportion  of  the  inferior  or  httle  known  uooda  of  the  locality  were 
used  m  the  Ciman«i  mine^  borne  of  them  haie  proved  to  be  verv  durable  almost 
as  much  so  for  the  purpose  as  mulate  Inese  are  most  notably  taguilumboy  and 
hambabv  Putian  camungajon  nancaon  mata  mata  tunguatingan  and  ama- 
huyan  haie  shown  themoeUea  to  be  tairl>   satisfactory 

The  conditions  affecting  the  durability  of  the  mine  timbers  are  different  from 
those  inffueiicing  an  haniiue  (house  post)  or  other  timber  pxpo'ied  to  light  and 
air  the>  are  m  almost  complete  darkness  ire  constantly  dripping  with  moisture 
and  are  eoiered  with  slime  The  air  maide  the  tunnels  is  heavy  hot  laden  with 
moisture  and  it  varies  hut  little  in  temperature  The  white  ant  is  said  not  to 
work  e\eept  at  the  entrance  to  fhe  tunnels  and  no  injurious  work  of  insects 
was  obaerved  in  the  old  timbers  (_onsequentlv  conditions  are  not  such  as  to 
cause  the  most  rapid  decay  although  favorable  to  the  growth  of  destructive  fungi. 

Present  use  of  iimber. — The  wood  used  in  the  mines  is  in  the  form  of  posts, 
caps  and  lagging.  For  100  meters  of  tunnel  170  caps,  about  7,000  short  stakes 
for  lagging  and  340  posts  are  used,  having  an  approximate  volume  for  posts  and 
caps  of  about  20  cubic  meters.  The  lagging  used  is  formed  of  the  small  stems  of 
the  datilis  or  caballero,  a  brushwood  growing  in  thickets  near  streams,  which 
does  not  make  a  timher  tree. 

The  caps  are  about  1.35  meters  in  length  and  0.50  in  circumference;  the  posts 
about  2  35  by  0.66  meters.  They  are  entire,  round  logs,  cut  from  small  trees 
and  are  not  treated  in  any  way  to  preserve  them  from  decay.  A  coal-mining 
operation  on  a  fairly  large  scale  would  run  about  1,500  meters  of  tunnels  a  year, 
which  would  require  about  300  meters  of  timber  for  posts  and  caps,  pvclusive 
of  that  used  for  the  tramway  and  for  general  construction.  This  would  mean 
about  2,000 .small  trees  to  be  cut  to  about  the  size  now  being  used. 

Since  work  is  now  progressing  only  on  a  small  scale,  old  tunnels  being  clearer] 
and  a  few  new  ones  started,  at  present  but  a  small  amount  of  timber  is  required. 
This  demand  can  be  supplied  for  a  time  by  the  neighboring  forests,  but  as  soon 
as  the  operations  are  greatly  extended  it  will  be  necessary  to  secure  material 
from  other  sources. 

Fo»nble  sources. — It  is  probable  that  rejected  railroad  ties  can  be  obtained 
which  should  make  good  mining  timbers.  The  dungula  growing  on  the  tract  of 
the  Insular  Lumber  Coiiipany  should  be  a  most  excellent  mine  timber.  This  is 
now  being  cut  and  doubtless,  from  time  to  time,  a  steamer  load  could  be  secured. 
The  better  forested  islands,  such  as  Mindanao,  Samar,  Paragua,  and  Mindoro, 
should  be  a  source  for  mine  timbers  of  the  first  group.     Only  further  experience 
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and  obBervation  will  show  how  durable  for  the  mines  are  the  nrnnj,  little  known 
timbers  of  the  Islands.  Some  of  these  will  undoubtedly  prove  to  be  very 
satisfactory. 

It  is  probable  that  in  time  it  will  be  practicable  and  advisable  to  treat  mine 
timbers  with  prescr\'ativea.  in  this  way  using  the  most  abundant  and  cheaper 
kinds.  Painting  timber  with  the  preservative  or  giving  the  timber  an  open  bath 
treatment  will  be  found  the  cheapest  methods.  In  this  connection,  attention  ia 
called  to  Press  Bulletin  No.  Ul,  November  27,  1906,  United  States  Foraet  Serv- 
ice, "Prolonging  the  Lite  ot  Mine  Props." 


The  Filipinos  inhabiting  this  island  are  called  Visayans  and  are,  save 
for  minor  differences  in  dialect,  the  same  as  the  people  of  Leyte,  Negros 
and  Panay. 

As  I  have  pointed  out  in  my  previous  paper,'  the  greater  part  of 
the  population  and  also  that  portion  which  helongs  to  the  better  educated 
class,  is  confined  to  the  narrow  coastal  tract  in  the  towns  of  Carmen, 
Danao  and  Liloan,  and  others  and  to  their  outlying  barrios.  The 
dwellers  in  the  hill  country  are  extremely  poor,  when  their  state  is 
compared  with  our  manner  of  living  or  even  the  mode  of  life  of  the 
people  of  the  coastal  plain.  Corn  is  their  chief  staple.  I  believe  tJiis 
dominant  corn  diet  ia  peculiar  to  tlie  Cebuanos.  The  iluslrados  largely 
control  the  fertile  cove  areas  in  the  intermontane  tracts. 

The  peasant  of  Cebu  is  very  superstitious.  As  an  instance  of  his 
ignorance  and  credulity  I  may  cite  one  rather  remarkable  case,  which, 
however,  at  one  time  came  very  near  to  not  having  an  amusing  aspect. 
In  our  trips  here  and  there  over  the  field  we  were  obliged  to  pass  by  many 
native  houses  and  near  the  end  of  the  work  we  were  surprised  to 
find  the  children  all  running  away  from  us,  or  their  mothers  would 
quickly  hide  them  as  soon  as  we  came  in  sight,  a  thing  which  had  never 
been  done  in  this  district  on  previous  visits.  This  continued  for  some 
time,  with  also  an  increasing  surliness  on  the  part  of  the  men.  Finally, 
an  engineer  of  one  of  the  coal  development  companies  was  stopped  late  in 
the  evening  when  he  was  some  distance  from  camp.  The  natives  proved 
themselves  to  be  in  a  hostile  mood  and  as  they  had  bolos  (long  knives) 
and  one  or  two  spears  he  felt  warrant«d  in  drawing  his  side  arm  to  protect 
himself  and  not  until  the  teniente  of  the  local  barrio  appeared  and 
explained  in  Spanish,  did  he  learn  the  cause  of  their  attitude.  It  seems 
that  some  malicious  person  or  persons  had  played  upon  the  credulity  of 
the  people,  making  them  believe  that  the  Americans  were  stealing  the 
children  in  order  to  kill  them  and  let  their  blood  drop  on  the  ground, 
this  being  a  supposed  means  of  ascertaining  where  the  coal  was.  It 
took  some  days  to  eradicate  this  belief  from  the  minds  of  the  peasants  and 

'"Contributions  to  the  Physiography  of  the  Philippine  Islands ;  T.  Cebu  Is- 
lands."    Tkia  Journal  (1B06),  1,  1043. 
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for  a  time  it  kept  the  local  Constabulary  force  doing  guard  over  the  seyeral 
eampe.  This  is  the  only  incident  of  the  kind  which  has  ever  been 
brought  to  my  attention  in  the  Philippines  and  I  consider  it  altogether 
exceptional. 

The  area  under  consideration  is  well  drained  by  two  fair-sized  streams, 
the  Danao  and  the  Cot-Cot  Rivers,  which  become  raging  torrents  in  rainy 
weather,  but  quickly  subside,  and  in  the  dry  season  are  so  shallow  that 
not  even  the  smallest  bancas  can  navigate  them.  The  generally  deforested 
eondition  of  the  region  is  responsible  for  this  condition. 


The  general  appearance  of  this  country  is  mountainous  although  in 
reality  the  highest  point,  apart  from  the  OordiUera  Central  is  not  over 
685  meters  (2,345  feet).  The  reason  for  the  exaggerated  topography  is 
the  pronounced  relief  which  is  due  to  two  main  causes,  first,  the  folded 
and  warped  eondition  of  the  rocks,  and  second,  the  absence  of  forest, 
which  gives  the  meteoric  waters  a  free  field  to  do  their  work  of  dissection. 
The  absence  of  forest  is  also  a  factor  in  making  visible  at  a  glance  even 
the  minutest  topographic  features,  whereas  in  countries  with  a  heavy 
forest  mantle  much  of  the  relief  would  not  be  seen. 

The  topographic  features  of  this  region  are  as  follovra:  1.  The  quite 
complete  dissection  of  the  country.  3.  The  long,  limestone-capped  ridges 
'of  Mounts  Licos,  Manghilao  and  Lantauan.  3.  The  rather  unconven- 
tional orientation  of  the  drainage.  4.  The  change  of  topography  with 
change  of  formation. 

In  a  previous  paper,'  I  have  spoken  of  the  intermediate  uplands 'of 
this  island.  They  comprise  all  of  the  elevated  tract  between  the  coastal 
plain,  with  the  low  coast  hills,  and  the  OordiUera.  They  are  largely 
underlaid  by  limestone,  Cora  is  the  principal  product.  The  people, 
while  apparently  very  poor,  nevertheless  are  satisfied  and  have  all  they 
need.  They  form  the  most  peaceable  portion,  by  far,  of  the  native 
population. 

In  the  terms  of  the  modem  science  of  physiography  this  region  is  in 
maturity,  namely,  it  is  in  such  a  condition  that  a  little  less  denudation 
or  a  little  more  would  decrease  the  relief  and  make  all  the  outlines  less 
pronounced.  Further  denudation,  unaccompanied  by  elevation  or  warp- 
ing, would  cause  the  region  to  pass  into  "old  age." 

The  most  striking  topographic  features  are  the  limestone-capped  ridges 
of  Licos,  Lantauan,  and  Manghilao.  The  limestone  being  more  resistant 
than  the  underlying  shales  and  soft  sandstone,  has  protected  certain  areas 
between  the  master  streams  and  hence  the  highest  points  are  of  the 

'Loc.  fit,  1043. 
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former  material.  This  limestone  does  not  conform  to  the  beds  below, 
but  lies  as  a  mantle  npon  the  folded  and  truncated  coal  measure  beds,  and 
in  some  eases  upon  igneous  formations.  However,  there  is  a  decidedly 
warped  appearance  to  this  formation  which  is  in  part  due  to  the  configura- 
tion of  the  older  topogi'aphy  u]»on  which  the  limestone  was  laid  down, 
and  also  to  some  minor  folding  suiisequent  to  its  deposition. 

A  somewhat  noteworthy  feature  of  the  drainage  is  the  orientation 
of  the  Cot-Cot  ajid  its  tributaries,  the  Jimarco,  the  Parel  and  the  Muao ; 
and  the  peculiar  course  of  the  Danao. 

The  Cot-Cot  and  its  three  tributaries  are  seen  to  conform  with 
reasonable  closeness  to  two  lines  which  make  an  angle  of  92°  with  one 
another.  The  Jimarco  and  the  Cot-Cot  fall  on  a  line  the  course  of 
which  is  N.  37°  W.,  while  the  Muao  and  the  Parel  come  into  the  main 
stream  approximately  at  right  angles  or  along  a  line  N,  55°  E.  I  am 
strongly  of  the  opinion  that  the  N.  37°  W.  line  is  a  fault  line,  although  I 
ha\e  no  other  cause  to  think  so  than  its  great  persistence. 

Side  branches  under  noimal  conditions  do  not  join  the  trunk  stream 
at  right  angles  but  alwa\B  in  such  a  manner  as  to  make  an  acute  angle 
upstream  mth  it  The  leason  for  this  departure  in  this  region  lies  in 
(he  ^tincture  of  the  underljmg  formations  In  a  traverse  of  the  Muao, 
in  more  than  one  place  I  tound  that  the  strike  of  the  beds  conformed  to 
the  direction  of  the  strtain  and  there  should  be  little  doubt  but  that 
this  tactor  has  controlled  its  cour'se  as  it  would  be  much  easier  for  the 
stream  to  cut  along  thit-  line  than  across  the  formations.  As  the  dip 
IS  generally  to  the  southeast  throughout  the  greater  part  of  this  region, 
it  would  be  expected  that  th(,  streim  would  shift  laterally  and  in  the 
direction  of  the  dip 

I  am  not  «o  certain  that  this  holds  true  m  the  case  of  the  Taganejan, 
as  e\posures  of  the  sedimentaries  are  not  so  plentiful.  If  we  now  examine 
the  course  of  the  Danao,  the  headwater  tributaries  of  which  are  known 
as  the  Cajumayjumayan  and  the  Donga  we  see  that  it  starts  on  the  north- 
east slope  of  Mount  Lantauaii  and  flows  southwest  in  the  CajumayjuniayaD 
basin  until  it  strikes  the  Cordillera,  it  then  swings  to  the  south  at  the 
base  of  this  ridge  and  turns  rather  sharply  to  the  southeast,  worming  its 
way  in  great  curves  through  a  canon-like  cut  in  the  basal  igneous  forma- 
tion, and  still  farther  down   it  takes  a  due  easterly  course  to   the 

As  the  Cajumayjumayan  Valley  is  a  syncline,  the  river  in  this  part 
of  the  course  is  a  consequent  stream.  In  time  the  courses  of  Donga  and 
Cajumayjumayan  Creeks  will  coincide,  as  both  shift  laterally  along  the  dip. 
That  part  of  the  stream  which  lies  between  Sibacan  and  Ustaganon 
Creeks  is  antecedent.  Its  present  incised  meanders  in  that  portion  are 
evidently  inherited  from  an  earlier  and  higher  stage  of  the  stream,  and 
may  point  to  a  post-Miocene  peneplain. 
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I  found  that  the  courses  of  the  Mantija  and  Mangliji  side  'streams  were 
almost  entirely  cont  Uei  !j  btmctural  cond  t  on  A  can  be  een  bj 
a  cross  section  of  almost  any  [  art  ±  the  field  tl  e  coal  n  ea  ures  are 
folded  to  a  cons  derable  degree  n  spme  pla  es  The  Magi  j  s  located 
on  the  crest  of  a  a  i  all  Iw  al  ant  1  e  and  the  reason  for  th  s  po  t  on  s 
that  there  is  usually  al  g  tl  e  crest  of  an  a  t  cl  e  a  fract  re  sjaten 
which  would  gi^e  a  strea     a  footl  oil 

It  would  be  interest  ng  to  know  to  what  extent  joint  ng  and  fault  n^ 
had  affected  the  or  entaf  n  of  Ira  i  age  n  th  s  area  lut  unfo -innately 
there  are  few  good  xj  osurc«  and  quarr  p«  and  n  n  ng  o;  erat  ons  ha  e 
not  yet  proceed  3  far  e  ougl  to  tl  r  w  much  1  gl  t  on  the  undergroui  d 
condition. 

To  one  accustomed  to  read  topographic  features  much  of  the  underlying 
structure  and  formations  of  a  country  is  revealed,  whereas  to  another 
person  a  surface  examination  would  disclose  nothing.  For  instance, 
the  abrupt  change  in  the  contours  at  the  point  where  the  Ustaganon  comes 
into  the  Danao  should  be  noted ;  west  of  that  point  the  rock  is  igneous, 
a  hard,  fairly  structureless  diorite,  east  of  tJiat  point  to  a  place  as  far  as 
the  end  of  the  railroad,  the  contours  are  fewer  and  farther  apart,  showing 
gentle  slopes  and  outlines,  the  underlying  formation  is  that  of  the  coal 
measures,  consisting  largely  of  soft  shales.  Again,  the  crowded  contours 
just  south  of  the  end  of  the  railroad  track  at  Camansi  should  be 
considered.  They  mark  a  great,  white  cliff  of  limestone,  which  usually 
gives  this  character  to  the  topography.  I  may  state  that  such  topog- 
raphy is  not  very  favorable  to  engineering  projects. 
geology:  general. 

For  purposes  of  convenience,  and  also  because  of  a  natural  distinction 
between  the  areas,  I  shall  treat  the  geology  of  this  region  under  the 
following  heads : 

1.  The  Acsubing-Muao  region, 

2.  The  Mount  Lieos  region, 

3.  The  Cajumayjumayan  region. 

4.  The  Sili  Creek  region. 


This  portion  of  the  district,  lying  south  of  the  Cot-Cot  Kiver,  is 
largely  covered  by  a  sheet  of  andesite  and  it  therefore  is  much  more 
simple  to  deal  with.  Although  this  part  of  the  area  was  evidently 
entirely  covered  by  this  sheet  of  andesite,  the  streams  have  greatly  dis- 
sected it,  cutting  down  through  it  for  over  200  meters  (nearly  700  feet) 
to  the  unconformable  coal  series  below.  Isolated  residual  patches  of  the 
upper  limestone  are  scattered  at  long  intervals,  resting  upon  the  andesite. 

The  streams  are  naturally  for  the  greater  part  deeply  incised  with  V- 
shaped  cross  sections  as  a  result  of  the  character  of  the  formation  which 
ia  predominantly  igneous. 
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Although  the  i-egioii  is  iiiittiirely  dispeetetl,  it  may  !«  Hcen  that  tht; 
majority  of  the  liilltops  come  up  to  a  common  plane  which  does  not 
signify  a  peneplain,  hut  simply  the  surface  of  the  great  hivn  flow  which 
just  antedated  the  deposition  of  the  Miocene  limestone. 

This  section  is  very  rugged  and  at  first  sight  quite  forbidding.  The 
larger  part  of  the  people  live  in  l«rrioB  and  i-ecoiicentration  camps  on 
narrow  ridges.  These  camps  were  established  in  1003  and  1904  by  tlie 
Constabulary  to  protect  the  people  from  some  bands  of  "pulajanes" 
infesting  the  country  at  that  time.  Although  at  first  sight  the  country 
would  appear  to  be  barren  and  unproductive,  the  wasli  from  its  decaying 
limestone  and  the  disintegrated  andesite  produce  a  fairly  rich  soil.  I  have 
seen  some  very  good  com  in  this  section.  Plate  I  is  a  view  of  the 
Cot-Cot  country  which  very  well  shows  the  general  appearance  of  this 
dissected  Tertiary  lava  field. 

The  most  widespread  formation  is  a  porphyritic  rock  wliich  will  be 
described  at  greatei-  length  further  on.  In  many  hand  speeiraena  it  is 
clearly  an  andesite,  wiiJi  feldspar  and  pyroxene  phenecrysts  in  a  fine 
groundmass;  in  others,  all  which  can  be  seen  are  white  feldspars  (usually 
kaolinized)  in  a  fine-grained,  green  groundmass. 

A  series  of  shales,  sandstones  and  graywackes  are  found  to  be  exposed 
where  the  streams  have  cut  down  througli  this  lava  capping,  where  the 
talus  is  not  too  thick,  dipping  sometimes  at  high  angles  and  with 
constantly  changing  strikes.  It  would  be  highly  advantageous  to  be 
able  to  map  these,  giving  their  underground  courses,  but  the  outcrops  are 
not  sufficiently  numerous  or  contiguous  to  do  this  with  any  assurance 
of  safety. 

There  has  been  some  mineralization  in  the  vicinity  of  Acsubing  Moun- 
tain, as  galena  is  found  in  veins  in  the  andesite.  We  have  been  able 
to  see  these  veins  only  in  two  localities,  but  these  limited  observations  led 
us  to  believe  that  the  deposits  are  in  the  fonn  of  a  "stock  work." 

I  have  been  unable  to  find  any  coal  in  this  series,  nor  have  1 
encountered  any  fossils,  but  I  liave  no  reason  to  doubt  that  the  series 
belongs  to  the  coal  measures.  A  portion  of  it  may  be  terrestrial  ia 
origin,  as  seems  to  be  the  case  with  the  formations  to  the  north  of  the 
Cot-Cot  and  the  east  of  Mount  Ijicos. 


Tliis  includes  both  the  old  Compostola  and  the  Camansi  workings  and 
was  the  principal  field  in  Spanish  days.  This  portion  of  the  district  ia 
quite  different  from  the  preceding,  in  that  the  igneous  extrusives  are 
lacking  over  most  of  tlie  territory.  As  the  western  part  of  tlio  field  abuts 
on  the  igneous  basement  complex,  in  our  mapping  we  have  kept  well  to 
the  east.  By  refei-ring  to  the  map,  a  belt  which  widens  and  narrows 
(represented  by  the  blue  color)  may  be  seen;  in  general  it  runs  in  a 
northeast- so  nth  west  direction.     'J'liifi  is  the  productive  portion  of  the  coal 
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meaEnires  to  the  eait  it  dips  beneath  the  limestone  ind  ''till  firthei  tn 
the  east  it  xindoubtedlj  would  be  found  although  at  no  mtonsiderible 
depth  This  btlt  of  productive  measurei  can  readily  be  traced  iq  a 
general  way  by  the  topography  and  the  vegetation  The  topography  is 
maiked  by  moderate  gentle  "lopes  and  rounded  contours  The  vegeta- 
tion consists  largeh  of  rank  cogon  and  talahib,  with  absolutely  no 
foiests 

Mount  LaoH  is  a  long  irregular  mountain  the  highest  point  of 
whith  1*!  just  abo^e  the  (.'ompobtela  workings  From  iti  height  of 
530  meters  (1  100  feet)  it  dechiies  gradually  to  the  northeait  to  the 
Danao  River  Th)«  enimente  is  capped  with  a  white,  orbitoidal  hmestone 
of  10  to  150  meteib  (100  to  500  feet)  m  thjtkneas  This  capping  is 
very  rugged,  exceedingly  conspicuous  and  easily  traced ;  it  is  fairly  well, 
but  not  densely,  clad  with  forest  trees.  To  the  north  of  the  mountain  we 
find  a  great  mass  of  conglomerate,  not  basal,  but  such  a  formation  as  is 
characteristic  of  coal  fields.  I  have  called  this  the  barren  measures.  Its 
thickness  is  at  least  several  hundred  feet,  although  just  how  great  it 
is  I  am  unable  to  say.  Although  it  is  treeless,  it  is  marked  by  its 
accentuated  relief.  This  formation  will  be  treated  of  more  fully  in  a 
subsequent  portion  of  this  paper. 


Another  field  containing  coal  lies  to  the  north  of  Sili  Peak  and 
Ijantauan  ridge  This  is  mmply  an  extension  ot  those  to  the  south  Its 
structure,  to  judge  fiom  rather  incomplete  data,  is  that  of  i  basm  or 
syneline.  Practitallv  the  same  formation=(  as  those  mentioned  undei  the 
Mount  Licos  region  occui  heie  and  in  the  same  order  The  mobt 
characteristic  feature  of  the  field  is  the  hogback  m  the  tenter  of  the 
basin,  which  is  a  remnant  of  the  upper  or  barren  conglomer^te  There 
are  five  seams  m  this  valley,  as  it  the  case  m  the  otheit 

Table  III  — %UaUgraphy  of  the  Compoilela  Danao  leyiiiii 

Recent.  -illuAial  deposits  in  streamH  and  evtensive  and  thick  talua  on 

all  ^Inpea    and  travertine 

Miocene.  I  pjer   white   lime'*tonp    ciialhiie   inil       ntiining   Orhttotden 

Lithntluimntvtn  and  manv  mollUBca  m  it^  basal  portion 
Oligoeene.  '^halv  limestone — cream  colored  and  »ott — unfossiliferous 


txtrUBue  lock^  — cliieflj   andeaite 
[Terrestrial  deposits  consisting  largelv  of  eongl  n 
I     mg  mu(.h  oxidation 


ICoarse  gtay  sandstone. 
Coal    measure    shales    including    five 
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Pre-Eocene   (t)       Basal  diorite  and  conglomerate. 

STBATIUKAPIIV. 

I  have  compiled  in  Table  III  a  statement  of  the  stratigraphic  column 
which  gives,  as  nearly  as  I  now  linow  it,  the  relation,  of  the  different 
formations  in  this  part  of  the  island.  Beginning  with  the  lowest,  we 
have  the  basal  complex  largely  composed  of  diorite  and,  as  a  closely  related 
part  of  this,  the  basal  conglomerate.  Its  extension  where  it  comes  to  the 
'-urface  can  be  seen  on  the  map  repre«ented  bj  the  led  single  cross-hatched 
color  It  occupies  a  portion  of  its  western  part  in  fact  the  map  was  not 
extended  farthei  becauBt.  of  it  A  typital  dioiite  11  found  m  the  winding 
gorge  of  the  Danao  Huer  m  eveiy  lespeit  rebeinbling  the  basal  rock  of 
Ma^bate  Benguet  etc  A  typical  development  of  basal  Longlomerate  is 
to  be  seen  m  poitions  of  the  n\er  tourte  while  m  utliei-s  but  little  of 
this  can  be  observed 

toi  some  time  I  was  puzzled  by  the  particular  pi  ase  of  igneous  rock 
constituting  the  hill''  on  the  left  or  north  side  of  the  Danao  River.  Here 
the  rock  is  more  of  a  porphyry  than  holoci>-:tal]ine  From  all  the 
evidence  I  was  able  to  procure  the  rock  exposed  on  thia  higher  ground 
la  merely  a  porphyritK  facies  of  the  dionte  as  would  be  natural  to 
txpect  m  the  upper  part  of  the  masi,  where  the  cimling  liad  been  more 
rapid  \.  feature  of  till"  rock  i«  the  innumerable  minute  calcite  veins 
tutting  thiough  it  without  definite  f^stem 

The  following  is  a  description  ot  this  rock  fiom  the  legion  of  Sili 
f  renk   n  t  far  from  the  coal  measures 


CBBUNO   5  (DILWORTHI— DIORITE  PORPHYRl: 
Hand  speoimen — A  dark  colored  finegrained  igtejuarck      The  only  minerals 
identifiable  in  the  hand  specimen  are   lark  green  plagioclase  and  rare  specks  of 

MtcroscofK  (2  sections)  —The  ro  k  ib  tomposed  almost  entirely  ot  feldspar,- 
rither  deLomposed  There  are  several  porpl>ritic  ervBtals  reaching  a  maximum 
size  of  2  by  1  millimeters  but  the  majoritj  are  Hraail  laths  About  6  per  cent 
of  the  feldspars  seem  to  be  orthoclase  No  go)d  determinalioi  s  could  he  made 
of  the  plagioLiases  but  six  rather  doubtful  one*  gave  three  of  acid  labradorite 
and  three  of  basic  oligoclase  Many  of  the  feldspars  ihow  good  amal  structure. 
Several   espeeiall}  among  the  smaller  lathi   are  bent 

Biotite  IS  present  in  all  stages  of  decomposition  but  is  alwajs  nell  chloritized. 
There  are  no  well  defined  plates 

Quartz  ocoirs  in  small  and  ineonai  icuous  giains  It  forms  a  very  small  part 
of  the  r(ck  and  is  accessory  rather  than  essential 

There  are  a  lirge  number  of  small  crystals  of  titaniferous  magnetite  or  Ijmo- 
nite  generally  associated  with  the  biotite  The  presence  of  titanium  is  shown  by 
the  dirty  white  titanite  which  surrounds  these  crystals 

Steondarv  mineials  are  Kaolin  and  senate  along  craeks  in  the  feldspars; 
chlorite  replacing  biotite  patches  of  calcite  and  titanite  associated  with  the 
magnetite 
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The  basal  eoii};loiiierate,  in  some  places  at  least,  overlit'K  the  igneous 
baBenient;  however,  this  does  not  appear  anywliere  to  have  the  strong 
development  it  lias  in  the  Bengiiet  region. 

This  conglomerate  marks  an  unconfoimity,  probably  the  greatest  break 
in  the  stratigrapMc  coluinn  within  the  limits  of  the  Archipelago,  and  it 
differs  from  the  conglomerate  in  the  coal  measures  by  the  fact  that  all  the 
included  pebbles  are  igneous,  whereas  in  the  case  of  the  latter  they  are 
mixed  with  sandstone,  shale,  etc.,  clearly  showing  that  they  were  not 
altogether  derived  from  the  basa!  mass.  It  would  be  difficult  to  determine 
the  age  of  the  basement  complex,  but  it  is  certainly  pre-Miocene. 

In  the  region  of  '^ili  C  reek  we  find  a  formaticn  which  taken  altogether, 
I  call  a  greenstone  Some  phases  of  this  are  certaml)  dnrite  others  are 
porphyntie,  and  near  the  head  of  the  creek,  at  380  meters  (1,350  feet), 
there  is  a  daik  phase  of  rotk  ivhich  may  be  a  diabase  and  hence  a  dike, 
but  the  extiemth  limited  exposure  of  the  outcrop  prevented  my  being 
absolutely  certain.  A  very  important  question  affecting  our  knowledge 
of  the  extent  of  the  coal  on  the  north  side  of  the  Daoao  Eiver,  is  whether 
or  not  this  upper  portion  of  the  formation  in  Sili  Creek  might  not  be 
an  intrusive  or  even  an  extrusive,  like  the  flow  south  of  the  Cot-Cot  River. 
We  might  then,  in  the  event  of  this  proving  to  be  so,  expect  to  find 
the  coal  beds  below  and  possibly  exposed  somewhere  in  the  bed  of  Sili 
Creek.  Nowhere  in  this  channel  was  any  coal  formation  encountered, 
but  on  the  otlier  hand  a  clean  section  of  several  hundred  feet  of  green- 
stone was  observed. 

I  found  the  greenstone  in  this  stream  at  an  elevation  of  238  meters 
(780  feet)  with  marked  jointing,  the  directions  and  dips  of  which  are 
as  follows :  S.  35°  E.,  dip  60°  KE. ;  N.  82°  W.,  dip  76°  NE, ;  S.  40°  W., 
dip  40°  SE. 


I  have  divided  the  coal  measures  into  two  subdivisions  for  purposes  of 
convenience  in  description,  although  in  the  field  I  have  found  no  sharp 
line  between  these.  The  lower  part  of  the  measures  consists  of  gray 
shales,  the  upper  portion  of  a  coarse,  gray  sandstone.  There  are  five 
coal  seams.  I  have  mapped  the  slates  and  sandstone  under  one  color 
(the  blue),  because  it  is  practically  impossible  to  separate  them  in  the 
field. 

The  photograph  (I'l.  IT)  shows  the  contact  of  the  coal  measure  shales 
with  the  basal  conglomerate.  It  also  shows  the  intense  plication  in  the 
weaker  rocks,  where  they  abut  on  the  resistant  igneous  base. 

The  shales,  as  this  stream  (the  Suqui)  is  ascended,  become  more  and 
more  coarse  until  the  coa!  seams  are  encountered  where  a  grit  appears. 
There  arc  about  CO  or  100  centimeters  (2  or  3  feet)  of  clay  and  shale, 
just  above  the  "Enriqueta"  vein,  then  the  coarse  gray  sandstone  comes 
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in,  and  from  there  on  up  to  thi'  base  of  tlie  limeBtone  all  oulcRips 
(whi».'}i  arc  very  few  iiit)Ge<l)  show  sandstone.  This  sandstone  in  ifs 
composition  vei'y  clearly  tlemonst rates  that  it  was  largely  derived  from 
the  igneous  material  near  at  hand  and  «e  may  infer  tliat  the  only 
high  land  at  the  time  of  its  formation  eonsiste*}  of  the  diorite  and 
greenstone  Iiills  which  stood  above  and  iiniuediately  to  tim  westward  of 
tl  t  lal  wamps  in  which  the  coal  was  fonning.  We  can  estimate  the 
tl  kn  ss  of  the  sandstone  only  approximately,  but  considering  the 
utc  p  on  the  slopes  of  Mount  Licos,  I  believe  it  to  be  not  over  150 
n  t  (500  feet).  It  is  very  improbable  that  there  is  an  uni-onformity 
I  tw  n  the  shales  and  the  sandstone.  Numerous  observations  of  the 
.-trike  and  dip  of  these  formations  show  the  strike  m  general  to  vary 
from  N.  37°  E.  to  X.  55°  E.  and  the  dip  anywhere  from  20°  to  90°  SB. 
In  the  region  to  the  west  of  the  Mount  Licos  workings  and  in  the  arroyos 
which  head  in  or  near  the  igneous  formation,  I  found  some  westward  dips 
at  rather  high  angles,  showing  complete  overturn,  but  this  is  to  be  ex- 
pected as  the  igneous  rock  is  approached. 

There  is  every  reason  to  believe  that  the  limestone  rests  unconformably 
above  the  sandst  ne  11  is  fcmiation  has  two  well  marked  phases  tlie 
lower  characteri7ed  bj  being  lofter  more  of  a  yellomsh  color  and  so  far 
ap]  earing  to  be  unfjf-siliferoui  it  aho  is  more  stratified  than  the  upper 
part  the  upper  pjrtitn  is  a  very  wl  itt  harl  soniet  mes  crystalline  lime 
itone  levealing  little  regularity  of  stnittuit 

Befoie  le&ciibing  it  m  detail  I  should  discuss  two  tiiei  foiraatioiis 
which  occur  in  the  atiatigrapliit  column  between  tlit  aand&tono  anl  the 
limestone 

Both  of  the=t  aie  ttiiestrial  depoiits— the  first  or  lowei  i»  a  conglom 
eiatc  male  up  of  igneous  fcandstonc  shale  anl  ilaty  pel  hies  The  very 
reddish  biown  color  of  both  the  pebbles  and  tht  matrix  the  eMdonce  of 
ixidation  and  the  general  heteiogeneriis  (haracter  of  the  pebbles  shoM 
prett>  cleaili  that  this  formation  is  in  the  nature  of  a  flood  plain  deposit 
n  as  Professor  Barrell  would  call  it  pielmont  lepoeit  On  the  map 
this  is  denoted  b\  the  brown  color  and  the  formation  is  to  be  found  txten 
snelj  developed  on  tht  east  iJide  of  Mount  I  icoi  In  places  it  is  at  least 
JO  meters  ( JOO  feet)  thick,  and  it  may  be  more.  A  remnant  of  it  is  found 
in  the  hogback  in  the  bottom  of  the  Oajuinayjumayan  Valley  and  in 
several  otlier  isolated  patches  above  the  coal.  The  pebbles  in  this  forma- 
tion are  usually  smal! ;  I  saw  none  exceeding  2  inches  in  diameter. 

The  second  terrestrial  deposit  of  consequence  in  this  field  is  the  andeaite 
just  south  of  the  Cot-Cot,  the  extension  of  which  T  have  already  alluded 
to.  I  have  mapped  a  series  with  this  formation,  which  is  rather  dif- 
ficult to  demarcate  and  separate  from  the  andesite  because  when  the  two 
are  weathered  they  strongly  resemble  one  another.  This  series  Abella 
alluded  to  as  tobas,  which  means  a  clastic  i-ock  derived  from  the  wear 
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of  other  rocks,  chieliy  igneous;  we  would  call  them  graywackee.  Some 
rocks  of  pyroclastic  origin  are  also  doubtlesB  associated  with  these.  The 
best  place  to  see  these  graywackea  is  in  the  gorge  of  the  Cot-Cot  just  above 
Muao,  where  they  can  be  seen  dipping  at  a  low  angle  to  the  east;  and 
above  them  at  approxiniatuly  300  meters  (1,000  feet)  elevation  is  the 
andesite  capping. 

I'etrographic  deei-rijitions  of  liotli  the  andesite  and  the  delrital  umterJHt 
made  forme  by  my  willeague,  51  r.  H.  (i.  Ferguson,  ai'e  given  below; 

CEBU  NO.  45.— ABKOSE. 

,  Hand  spedmcii.—VxtinmeXf  fine  (;minFil,  gruyisL  rock,  the  diintinguialiable 
minerals  of  wliicli  iire  pink  felilHpar^.  cjimitz,  iiiufrnetite  and  oucariomil  liunibieiidt: 
( ')      Tlie  graiiiH  are  all  verv  -(1111111  aiul  ap|tro\iiii(if('lv  the  ■iniuc  aize 

Microscopic  Tlie  rock  i«  much  UwompuBwl  esppiially  the  feldapars  Ffldspar 
IS  the  most  prominent  mineral  and  is  chiefly  orthoclase  but  one  gram  of  albite 
uaa  fuund  11  ere  me  no  perfect  crvstals  tut  occasional  crjstal  faces  occur 
Quartz  is  rather  rare  in  dchnite  j^ramo  but  seems  to  hll  spaces  betueen  other 
cr>8talB  Biotite  octnirs  in  small  amounts  I  ut  in  bent  and  frayed  fragments 
rather  tlian  plates  Occasional  fragments  of  hornblende  crystals  are  present 
Magnetite  occurs  in  iiunierou-t  smillj^ams  often  parti \  altered  to  limonite  One 
^ram  of  topaz  C}  a  fen  minute  ^niin'^  of  olivine  (!)  and  numerous  very 
minute  grain-<  (  lia meter  generally  about  0  01  millimeter)  of  a  mineral  nith 
high  retractile  inde\  and  rather  high  double  refraction  appaiently  titanite  are 
the  accessory  minerals 

The  rock  shows  n)  definite  structure  lie  grains  tary  in  slae  but  never 
exceed  0  25  millimeter  an!  perfect  crsstals  are  iieier  found  The  biotite  especiallv 
presents  a  fragmental  appearance  I  belie\e  the  ritk  to  be  an  arkose  formed  bv 
the  deca>  of  a  trnch>tic  igneous  rock  and  nith  onh  slight  transportation  as 
there  is  no  evidence  of  assoitment  of  the  minerals 

CEBU  NO    TO — ANDESITE 

Haail  spcctmeti — fhe  specimen  is  taken  from  the  contact  of  two  igneous  rocks 
of  diffelent  texture  one  a  gree  nib  giai  aphanitu  rock  and  the  other  more 
porphjritic  consisting  of  greenish  and  glassy  »hite  feldspais  m  a  purplish 
groundinass      The  contact  is  a  si  earing  plane   stained  with  iron  oxide 

Virroacoptr  (2  slides  both  from  the  porphyrttie  rock) — Feldspars  in  idio 
morpbic  crystals  are  very  prominent  but  are  all  completely  decomposed  chiefly 
to  sencite  aggregates  and  art  also  to  a  large  extent  replaced  by  calcite  One 
doubtful  case  of  albite  twinnng  uas  found  which  ga\e  e\tin(tion  angles  corre 
sponding  to  oligoclase 

Biotite  IS  present  in  considerable  amount  (possiliH  'i  per  cent  of  tlie  slide) 
This  mineral  is  interesting  as  it  shows  dilTerent  >itsges  of  decomposition  In 
part  it  has  simply  lost  a  portion  of  it«  iion  content  and  become  more  hydrated 
showing  in  plane  polarized  light  a  greenish  pleoehroism  and  under  crossed 
niohols  a  much  lower  double  refraction  than  normal  biotite  the  colors  ranging 
from  first  order  gnu  to  first  order  yellow  For  a  part  of  the  mineral  however 
the  alteration  has  been  more  complete  and  the  biirtite  has  gone  oier  to  chlorite 
wmetimes  both  stages  can  be  obsei'ved  in  the  same  cnstal  Biotite  has  also 
ruJTpI'^  somewhat  from  replacement  h}   calcite 

Other  dark  silicates  if  originalh  present  haie  been  altered  beiond  recognition 

Magnetite   la   present  both   in   large  graiua    (largest   03   b>    02  millimeter) 
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associated  witli  the  bjotite,  and  in  small  specks  in  the  grouudmaBS.  It  xa 
generally  frpsh,  but  rarely  is  somewhat  decomposed,  staining  the  sui'rounding 
portion  of  the  slide  witli  iron  oxide. 

The  grouKdmass  is  for  the  most  part  a  mass  of  cloudy  decomposition  products 
and  secondary  caleite.  Occasional  remnants  of  feldspar  microlites  can  be  mode 
out.  There  are  also  numerous  small  rods  and  specks,  visible  only  with  the  highest 
power  objective.  Tliene  aiv  colorlcus,  livonn  luid  i>])nc|Uo.  liut  not  clearly  resolvable. 
Numerous  stiuilt  sj.ct-ks  of  iuHKil<-tit<'  also  iH'ciir. 


The  upper  limestone  i*;  (]uite  liard,  dazzling  white  on  fresli  exposures 
and  t!ie  boiindnrv  of  the  formation  is  readily  followed  even  where  it 
liappens  to  be  covered  with  talus.  This  formation  i^  found  in  more  or 
less  detached  areas,  it  being  remnants  of  what  was  most  probably  a 
continuous  blanket.  It  rarely  reveals  any  stratification  end  hence  its  dip 
and  strike  is  generally  a  matter  of  conjecture.  It  is  my  oonceptidn  that 
prior  to  the  formation  of  this  blanket  of  limestone  there  existed  many 
irregularities  in  the  surface,  due  to  previous  erosion,  and  that  the  liifte- 
stone  deposit  first  filled  in  these  irregularities. 

This  horizon  of  tlie  limestone  in  places  is  quite  coralline,  with  many  of 
Hie  characteristic  genera  now  growing  in  the  surrounding  reefs.'  These 
corals  now  appear  to  be  segregated  in  colonies,  although  there  may  pre- 
viously have  been  a  continuous  reef  formation  of  which  we  have  merely 
the  remnants  left,  the  other  portion  having  been  destroyed  by  erosion. 

The  lower  part  of  the  formation  is  in  places  very  fossiliferous  and  the 
mollusca  now  fossilized  undoubtedly  lived  in  colonies,  as  we  know  them 
to  do  to-day.  At  an  elevation  of  275  meters  (900  feet)  and  hear  the 
barrio  of  Mabasa  I  found  a  great  many  fossils  which  had  weathered  out 
of  the  rock.  They  are  all  easts  and  a  number  of  them  are  in  poor  con- 
dition.    (Pis.  Ill  and  IV.)     Some  of  the  genera  represented  are: 

(Jerithium.  Trochus. 

Fusus.  Bulla. 

Turbo.  Pectin. 

Natira.  Dosinia. 

Teredina.  Conm, 

It  is  not  my  intention  to  make  this  a  paleontotogic  discussion  and 
therefore  I  shall  leave  these  fossils  with  the  statement  that  I  have  com- 
pared them  with  many  of  Martin's  illustrations  in  his  monograph  on 
the  Tertiary  of  Java  and  have  found  many  that  I  believe  to  be  identical 
with  those  from  which  his  illustrations  are  taken. 

I  have  thought  it  best  not  to  treat  of  the  paleontology  at  this  time,  as  it 
is  my  purjjOMe  later  to  ])repare  a  monograph  on  thg  Tertiary  fossils  of 
the  Philippines. 
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Foramini feral  tests  can  be  found  at  nearly  any  point  where  a  piece  of 
this  limestone  is  chipped.  The  genus  Lepidocyclina  (Orbitcndes)  pre- 
dominates. Generally,  these  fossils  are  found  most  thickly  near  tfae  base 
of  the  upper  white  limestone,  they  are  .much  larger  in  this  situation  than 
in  the  upper  horizons  and  T  believe  them  to  be  of  quit*  a  different  species. 
The  two  best  localities  in  which  to  find  these  Orhitoides  are  at  Mount 
Lantauan,  near  the  large  sink  hole  at  the  eastern  end  of  the  ridge,  and  at 
330  meters  (1,050  feet)  elevation  on  the  southwest  slope  of  Mount  Licos, 
where  the  trail  passes  around  to  the  coal  workings. 

Another  characteristic  form  found  in  this  limestone  is  the  marine 
alga  Lithothamnium  ramossisium  Reuse.  This  is  shown  in  two  sections 
on  Plates  III  and  IV. 

There  seems  t)  be  little  question  but  thit  thi=!  is  the  aamc  honron  a^ 
the  Bagulo  Theila  Pass  Bmang  nan  and  M'j  bat(  upper  limcstoiiLS 
Following  Martin  in  his  work  m  Ta\a  and  Newtm  anJ  Hdland"  on 
Formosan  fosbile  I  have  heen  inclined  to  assign  this  tnimation  at  least 
thii  horizm  of  it  to  the  Miocene  although  fossils  from  a  very  similar 
limestone  which  I  ha\e  also  evaiiuned  m  tl  e  field  in  Batan  Island  have 
been  ciassihed  b^  a  European  paleontologist'  as  Oligoceni  Ihe  fossils 
so  claissihed  were  tiUetted  by  Mr  0  Halvorsen  Heinholt  and  he  simply 
states  that  thev  tame  from  abovt  the  coal  However  I  suspect  judging 
from  similar  form'!  which  I  collected  myself  on  Batan  Island  that  hi^ 
form*!  did  not  come  fi  Dm  the  uppermoit  hinzon  tlieiefoie  future  «earcli 
and  study  of  the  fossils  alreadj  collected  maj  reveal  thia  Oligocene  horuon 
in  Cebu.   . 

It  will  be  of  interest  to  attempt  to  correlate  our  Cebu  section  with 
"Verbeek's '  classification  of  the  Eocene  in  Java  as  amended  in  1892,  which 
is  as  follows : 
Stage  IV.  Orbitoides— Miocene. 

III.  Marl  sandstone — Oligocene, 
II.  Quartz-sandstone — Eocene. 
I.  Breccia  stage — basal  conglomerate. 

This  scheme  is  more  in  accord  with  Martin's  idea  as  exprei*cd  in  1!K>0, 
as  follows : 

Quaternnry ;  consisting  of  (luvmtlle  and  marine  depoHit",  tlip  latter  rieli  in 
Mollusca,  ani)  at  '^onie  localities  remains  of  whalea. 

Upper  Pliocene,  represented  bj  the  Rendon  Beds,  rich  in  remains  of  Stegodon 
and  Gervue,  containing  slso  Pithecanthropus  ereclus  Dub. 

Pliocene-Miocene,  or  the  Jaia  aeries,  possibly  including  som«  pre-Miocene  rocka. 
This  constitutes  the  greater  part  of  tht  Islnnd  of  Java  and  most  of  the  fossils 
from   the   island   wliioh   haie  heen   described   come   from   it.     Anicmg   them   are 

'Teitiilrathichtpn  auf  Java,  Leyden   (18S0|, 
•J  Coll  Set   Imp   Imv,  Tokjo  11902),  17,  Art.  0. 
'Reinholt.  O   Hahorsen     Bnf/ineertng  Jaurn.    (1900),  30,  510. 
'Neues  Jahrb   fur  Mineral uj^ie,  etc    (1892),  66. 
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Ijfitidvcjfelina  and  Cyclm-lypeuH.  This  neries  pxtatids  iiortliwurd  throujrli  tbe 
PhilippiDGH  to  central  Jftjian. 

Ecicene;  marine  beds  of  small  extent  with  A'un>mult{e«,  AlveoHna  and  Orlho- 
phragmina.     They  eontain  coal. 

Cretaceous  limestone  with  Ubilntina  from  lianjoemaa*.  This  rnck  is  not  known 
to  Exist  nt  otlicr  points  in  Javn. 

By  comparison  with  the  table  ou  page  390  it  will  Iw  seen  that  my 
(•olumn  is  fairly  well  in  aeconl  with  Verbeek's  divisions  in  Java,  and 
with  Martin's  Pliocene-SIiocenc  or  Java  series. 

Recent  formations.— "V^xe  latest  deposits  to  lie  laid  down  in  this  region 
are  those  which  are  still  forming  in  the  river  bottoniR,  on  the  coastal  plains 
where  tlie  streams  issue  from  the  mountains,  and  along  the  coast,  but 
in  oitr  limited  field  we  need  only  refer  to  two  of  these,  tiie  river-bottom 
deposits  and  the  talus  slopes,  for  tliese  are  in  [lart  alhivial,  although  grav- 
ity is  probably  much  the  most  potent  agent  in  proilucing  the  latter, 
whereas  water  is  the  cause  of  the  former. 

All  the  waters  in  this  region  in  addition  to  the  mechanical  detritus  of 
the  streams,  carry  a  large  quantity  of  lime  in  solution.  This  is  generally 
deposited  on  tlie  shales  of  the  coal  measures,  I  have  picked  up  fresh- 
water snail  shells  which  had  a  coating  of  half  an  inch  in  tliickness  of 
ealciimi  carbonate 

sTlilf.  n  Ut 

Jle  ni]  itajrc  of  otologic  structure  is  nowhere  eveinplihed  as  it 
in  a  tral  held  "Not  only  the  c  ndition  of  the  coal  is  geneially  greatly 
hinged  b>  an  increase  m  the  mchnation  of  the  strata  but  the  cost 
of  11  in  ng  1  enhanced  almost  m  geometrii  lat  i  mler  eertain  condi 
tions  an  instance  of  such  conditions  being  those  under  which  the 
minoi  IS  forced  to  wtrk  down  the  dip  hauling  thi  coal  up  an  incline  b> 
steam  oi  clectridti  and  where  it  ii  nciessarj  ti  pump  In  discussing 
tlie  stiuctuic  f  this  di  tnct  I  shall  mereh  make  mention  of  the  struc 
ture  of  the  toal  meahures  Ihe  ^.eneial  stiike  of  the  forniatiina  on  the 
east  coast  of  Cehu  is  noith  and  south  lut  m  the  Compost ela  Danao 
legion  the  Cotdilleta  swings  somewhat  to  the  east  and  likewise  the 
stiike  of  the  coal  raeaaurea  change  to  about  N  3")°  F  The  dip  which 
on  this  «i  le  is  generally  easterly  changes  to  southeast  It  is  not  uni 
I  uu  uninterrupted  and  always  to  the  east  but  in  some  places  the  forma 
titn  IS  plicated  to  an  extreme  degree  with  westerly  dips  ^n  instance 
of  the  close  folding  h  shtwn  in  the  cut  of  the  tramroad  just  below  the 
timann  at  (  aniansi  and  again  in  Suqui  Creek  whore  the  igneous  rock 
IS  approathcl  besides  this  theie  seems  to  be  abundant  indication  of  a 
mm  r  n  rth  an]  siuth  cross  folding  but  this  is  not  a  lad  feature  as 
it  H  not  noticeable  except  over  great  distances 

I  am  not  able  to  assert  that  much  indication  of  faulting  appears  on 
the  suiface  although  I  suspect  it  to  ba>e  been  consilerable  but  f  a 
m  nor  ihancter   m  this   hstritt  and  until  m>re  un  lergr  und   Uta  an 
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acquired  I  shall  dispense  with  fnither  diRcu'wion  ot  thn  feature  merely 
stating  that  in  the  \erv  limited  wmkingh  of  the  Spaniards  several  faults 
were  encountered  but  according  to  Abella  who  examined  tliem  all,  the\ 
were  neither  sufficiently  great  nor  niimeroua  to  cause  anj  serious  diffl 
cult>  m  raining  operation'' 

I  shall  now  bneflj  'tumnianze  the  geological  history  of  this  district, 
before  passing  on  to  tJie  discussion  of  its  economic  phasei  Vie  may 
think  of  a  basal  mass  of  igneous  lock  with  little  oi  no  sediments  covering 
it  A\hethei  Ihn  wai>  a  part  of  the  mainland  of  a  then  extended  tonti 
nent,  oi  an  outlying  island  mass  wi  can  not  at  present  sav  fhis  ig 
neous  mass  must  ha^e  had  tome  elevation  itherwise  the  later  sediments 
(ould  not  ha\e  been  formed  AI)out  tliH  igneous  maes  a  cora!  platform 
undouhtediv  formed  in  places  Ihis  grew  up  to  a  limiting  plane  the 
sea  level  Upon  this  the  detiitus  of  the  bills  pouieil  and  made  a  shelf 
This  subatnictuie  of  coial  ma\  ha\e  been  lacking  m  othei  parts  \t 
all  eienta,  tliere  weic  low,  tidal  flats  girting  the  elevated  igneous  mass 
at  the  l)eginnjng  of  the  Eocene  rhese  flats  weie  the  sites  ot  uninuall^ 
rank  forests,  and  dcposith  k^an  to  foiiii  which  aftciwardb  were  to  l»ecome 
coal  Sinking  of  the  whole  mass  must  have  begun  at  this  time  and 
later  elevation  again  occurred  1  heie  were  periods  of  (|uie«cence,  followed 
b}  oscillations  of  level  in  which  shales  and  coarse  sandstone  were  alter- 
nately deposited  above  the  coal  Iteds  Fmallv  there  came  at  the  close 
of  the  Eocene  a  subsidence  --o  great  that  the  entire  niash  sank  under  the 
sea  and  a  coral  mantle  was  deposited  ovei  the  whole  region  \t  the 
close  of  the  Miocene  which  was  the  peiiod  <)f  the  deposition  of  the  lime 
stone  thcie  occurred  a  period  of  uplift  and  ritlier  pronounced  folding  of 
the  stiata  Smee  that  time  erosion  has  denuded  the  area  of  a  large  jtart 
of  its  mantle  of  limestone  uncovering  the  eoal  bearing  formations  below 

GKOiXWY  ;    ECOKOMIC. 


As  the  complete  history  of  the  discoverv  of  eoal  and  operations  in  Cebii 
is  recorded  in  "The  Coal  Measures  of  the  Philippines""  which  is  simply 
a  compilation  and  translation  from  the  Spanish  records,  I  will  only  in 
this  plaee  summarize  what  was  given. 

Coal  was  discovered  in  Cebu  in  1837.  The  first  concessions  in  the 
Compostela-Danao  region  were  solicited  by  Isaac  Conui  in  1871.  A 
wagon  road  was  built  from  t!ot-Cot  cove  to  the  workings  at  Dapdap  in' 
1877.  The  formation  of  the  aasoc-jation  known  as  the  Sociedad  Nuevo 
Langrea  and  the  beginning  of  actual  work  took  ])lace  about  1890.  The 
construction  of  a  traniroad  from  Danao  to  Camansi,  and  from  Compoetela 
to  Mount  Licos,  was  undertaken  in  1895.  Then  followed  the  Spanish- 
American  war  in  1898.  In  this  year  all  the  concessions  in  this  district 
came  into  the  hands  of  Mr.   Enrique  Spitz.     These  concessions  have 

"Burritt,  Chnfi.  H,:   VVnsh.   (1901). 
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changed  hands  again  and  are  controlled  by  the  Inaular  Coal  Company, 
which  is  now  in  the  field  carrying  on  exploratory  work. 

Operations. — It  will  be  sufficient  at  the  present  time  to  state  that  two 
companies,  of  which  the  Insular  Coal  (Company  is  one  and  the  other  & 
New  York  syndicate,  are  vigorously  investigating  theae  fields ;  the  Insular 
Coal  Company  in  the  Mount  Ijicos  and  Camansi  regiona,  the  latter  in 
the  Cajuniayjumayan  A'alley.  As  Iwtli  these  companies  aeem  to  be  very 
much  in  earnest  and  backed  Uy  resi>onsible  inen  who  coiinnand  consider- 
able capital,  we  should  obtain  as  a  result  of  their  investigations  a  far 
more  thorough  knowledge  of  these  fields  than  we  now  have. 

Tlie  ilistrict  is  one  in  which  the  geology  Is  vciy  complicated  but  ndt 
more  so,  it  is  believed,  than  that  of  other  coal-bearing  areas  of  the 
Archipelago.  It  certainly  has  some  features  possessing  advantages  over 
other  parts  of  the  Island  of  Hehu,  sitliough  coal  may  Iw  found  in  almost 
all  districts  of  the  island. 


Tlic  tlii-<H!  fields  at  present  being  developed  are  rather  limite<l,  hut 
amply  suflficicnt  for  a  considerable  production  of  coal.  Various  estimates 
have  been  made  of  the  possible  tonnage,  some  of  which  are  founded  on 
guesswork  and  are  veiy  wild.  A  very  conservative  estimate  would  he 
■^,000,000  workable  tons  in  the  Cajuniayjumayan  valley  and  two  to  four 
million  in  the  combined  Mount  bicoa  and  Camansi  fields.'  The  eoal 
seams  are  rather  highly  inclined,  from  30°  to  SH)",  which  would  necessitate 
some  system  like  the  "Battery"  being  employed.  The  proper  drainage 
of  the  workings  will  be  a  serious  factor.  Both  the  i-oof  and  floor  are 
weak,  the  floor  Iwing  of  shale  and  fire  clay,  and  the  roof  of  shale  or  friable 
sandstone.  Great  care  will  need  to  be  taken  in  timbering.  There  will 
also  \te  increased  expense  for  timber,  because  the  greater  part  of  it  will 
need  to  be  brought  from  some  distance,  probably  from  another  island  (see 
Forester  Everett's  timber  report  in  the  first  part  of  this  paper,  p.  384). 
Methods  for  preservation  of  mine  timbers  must  be  devised.  However, 
when  molave  is  used  the  timbers  will  last  for  many  years;  in  fact  I  have 
examined  such  timbers  which  were  for  nearly  ten  years  completely  buried 
in  loose  earth  in  the  "Enrique  Aliella"  tunnel  and  they  were  perfectly 
sound.  It  must  Ik;  remembered  that  timber  does  not  last  underground 
proportionately  as  long  in  the  tropics  as  in  higher  latitudes.  Forepoling 
and  lagging  will  be  necessary  in  the  shafting  and  drifts. 

There  is  evidence  of  considerable  minor  faulting,  .but  probably  none 
which  will  seriously  affect  mining  operations.  There  are  five  known 
coal  seams,  at  least  three  of  which  should  be  profitable;  two  of  these  are 
over  ten  feet  thick  in  one  part  of  the  field.  The  following  beds  were 
encountered  at  Mount  Licos,  from  west  to  east,  that  is  from  lowest  to 
highest : 

1.  The  "Carmen;"  thickness  1.60  meters,  strike  NR.-SW.,  dip  30' 
SE. ;  40  meters  interval. 
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3.  "Espcranza ;"•  0  niitiiiittLih  itiikt  (lif  mm  i  ilx  (>  1  [  aan  l 
9  meters  interval. 

3.  "Enrique  Abella  thicliness  I  ?0  to  1  50  meterH  stiilve  N  Z3°  E 
dip  40°  to  SE. ;  40  meters  interval 

4.  "Pilarica;"  thickness  ]  40  meter     strike  N   23°  l-      lip  W  SP 
There  formerly  existed  o\er    (00  meteis  ff  diifts  at  the  old.  Licos 

workings.  About  100  tons  of  coal  taken  froni  the  P  speranza  Ramon 
eita"  and  "Enrique  Abella  gallenes  haie  1  een  on  the  dump  tor  three 
or  four  years.  In  this  time  the  coal  has  not  taken  fire  nor  has  it  air 
slacked"  very  greatly  which  bodf*  good  for  its  handling  and  btoimg 
The  coal  throughout  the  dntrict  it  remarkabh  free  from  dirt  butter 
and  "bone"  and  is  quite  lew  in  sulphur 

We  believe  that  this  coal  will  ultimately  find  its  greatiit  utilit)  as  a 
gas  producer  and  with  thi«  enl  m  new  it  hhwld  be  mentuned  that  Dr 
Cox,  of  this  Bureau  i«  demoting  much  of  his  time  t>  e\penmenting  on 
this  problem.  It  is  hoped  that  at  no  distant  date  the  Bureau  of  Science 
will  be  able  to  make  a  practical  ckiiunstiation  in  this  direction  The 
Philippine  GommibSion  has  just  appiopriated  a  sum  sufficient  to  cover 
the  expense  of  installinj,  a  producer  gas  plant  at  the  laboratorj  of  this 
Bureau. 

Dr.  A,  J.  Cox  has  added  a  contribution  from  his  own  chemical  invc;s- 
tigations.     His  report  is  as  follows: 

The  quality  of  the  coal  from  the  Oebu  fleija  ia  no  exception  to  tlie  genera] 
average  of  this  commodity  in  the  Philippines.  I  have  been  ovur  a  lar^  part 
of  the  territory  and  have  analyze<l  aaniplps  from  all  the  sources  wiiere  coai  is 
known  to  occur.  None  of  the  samples  show  a,  woody  structure,  ami  in  general 
the  coal  is  compaet,  lustrous  ami  commonly  has  both  hackly  and  conchoidal 
fraeture.  Thti  coal  as  mined  is  very  black,  hut  when  finely  powdered  (00  mesh) 
it  aaaumes  a  tinge  of  brown.  It  is  of  the  ncmH?okinj;,  »ub-bitulninouH  to  bitumi- 
nous variety.  The  latter  class  is  perhaps  best  represented  by  that  from  the  Com- 
postela  region.  In  this  field  the  active  work  wliioli  is  now  being  carried  on  i» 
beyond  the  prospecting  stage,  so  that  moiv  definite  information  is  at  hand 
regarding  the  extent  of  the  deposits  and  thoroughly  average  samples  have  been 
obtained  for  chemical  work.  A  study  of  the  volatile  matter  from  this  coat  shows 
it  to  contain  a  fairly  good  percentage  of  heavy  hydrocarbons  and  it  eould 
probably  be  used  successfully  as  a  gas  coal.  The  composition  of  the  gas  and  the 
yield  from  this  coal  is  not  greatly  difterent  from  that  obtained  from  Polillo'" 
coal.  Attention  has  alreadj-  been  directed  to  the  peculiar,  elliptical,  pit-like 
markings  which  characterize  Compostela  coal."^ 

I  have  analyzed  a  great  many  samples  from  both  the  Carmen  and  Compostela 
fields.  Some  of  the  results  have  already  been  published  "  and  other  more  recent 
determinations  will  be  printed  in  a  future  communication.  Barring  diluents, 
water,  ash,  sulphur,  etc..  and  considering  the  relation  of  the  percentage  of 
volatile  combustible  matter  to  fixed  carbon,  which  by  many  authorities  is  taken 

"■Cox,  A.  J.:  This  Jowiimi  (1906),  1,  883. 
"Jbid,  See.  "A,"  Oen.  Sci.  (1907),  2,  50. 
•'Ibid,  52. 
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wn  tlie  criterion  i>f  olaxHifli-jitioii,  tlii-i-e  U  a  siiipriaiiig  iinuliirity  in  tlic  miiiiIj'si-s 
of  alt  of  tlie  8ani[))eH  taken  fnnii  h  siiijiie  lielil.  Tlie  averntjes  ot  nil  tlia  HiimpleH 
give  the  following  rPsultM: 

Aiwnges  uf  unolywi  of  Crh"  rvnif, 
|Thc  dgiites  give  pereeniaRea.] 
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\1tliou)ih  a  careful  study  lias  been  made  of  all  of  tlie  Philippine  coals  tliuti 
fitr  discovered  not  a  single  sample  of  coking  coal  has  been  found  The  usefulness 
of  a  coke  in  this  Archipelago  is  nell  recognized  for  uere  it  to  be  readily 
accewtible  tlie  iron  industry  would  be  m  line  for  deiclopment  In  view  of  this 
I  haie  tried  to  make  coke  in  larious  ways  flie  coal  from  the  Compostpla  region 
yields  a  certain  pel  wnt  of  tar  and  it  «as  thought  thitt  bj  mi\)ng  tins  product 
with  the  coal  itself  b«forp  charging  int«  the  coke  o^en  a  ,>ooil  coke  niiglit  result 
Several  expii inients  neie  made  The  pulverized  coal  and  tar  in  varying  amountf 
up  to  12  per  cent  of  the  iteight  of  the  coal  were  warmed  to  110°  intimatel} 
ini^ed  and  then  siihjected  to  a  heat  Himilar  to  that  of  a  eoke  oten  in  fact,  the 
heat  was  varteil  to  cover  the  various  ranges  present  in  coke  oiens  All  eipen 
ments  ga\e  negative  results  Jn  none  of  them  was  there  more  than  a  semblance 
of  coke  coiiseijuentty  for  the  present  we  must  give  up  the  hope  of  obtaining  coke 
in  these  Islands 

I  ha\e  added  liclow  a  copj  of  an  analysis  of  tht  upper  limestone  whicli 
will  be  of  mtenat  m  view  of  the  fact  that  possibly  a  ophient  plant  will 
be  ereeted  m  tins  region  at  some  future  date  ■is  this  paper  has  been 
devoted  almost  entirely  to  the  question  of  the  coal,  I  shall  not  discuss  this 
matter  further  at  the  present  time. 

The  absence  of  magnesia  which  seems  to  be  characteristic  of  recent 
limestones,  should  be  noted. 


Analysis  of  the  limestone. 
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Labor  conditions  on  the  whole  are  good  in  Cebn,  and  in  the  Compos- 
t«la-Danao  district  the  natives  have  more  or  less  familiarity  with  nnder- 
ground  work,  gained  by  experience  of  a  score  of  years  under  the  tutelage 
of  the  Spaniards.  The  present  wage  in  this  field  is  40  centavos  and 
subsistence,  for  the  outside  laborers,  and  50  centavos  for  the  undergroimd 
man,  however,  of  late  the  Insular  Coal  Company  has  found  it  best  to  pay 
ao  ninth  a  foot  for  driving  a  drift.  The  price  per  foot  will  of  course  vary 
according  to  conditions.  The  Philippine  Railroad  Construction  Company 
has  found  the  native  labor  to  be  ver\'  satisfactory.  In  their  work  thou- 
sands of  natives  are  used  at  a  wage  of  .50  centavos  ami  subsistence.  Tlie 
subsistence  is  arranged  for  by  contract  with  a  Chinaman.  It  is  the  belief 
of  man>  in  these  Islands  that  tlie  Visayans  are  the  best  laborers  of  any 
of  the  tribal  groups.  However,  this  is  a  matter  more  or  less  of  personal 
opinion 

TRANSl'OH'r.\'riON'. 

The  new  railroad  fi-om  the  city  of  C'ebu  to  Danao,  a  distance  of  33 
kilometers  .(20  miles),  is  completed  at  this  date.  From  Danao  to  the 
Camansi  workings  is  a  distance  of  about  8  kilometers  (5  miles)  with  a 
riw  of  75  meters  (950  feet).  There  is  now  a  tramroad  over  this  course, 
an  heirloom  from  the  Spanish  regime;  but  this  will  need  to  be  replaced 
bj  new  railb  and  mort,  clearing  will  have  to  be  done  before  any  extensive 
work  IV  undertaken  The  transportation  problem  in  the  other  parts  of 
the  district  will  not  be  so  simple  and  1  believe  overhead  cables  or  inclined 
plane'^  will  be  found  to  be  necessary. 

RECOMMENDATIONS. 

1  would  caution  any  company  which  intends  any  great  outlay  of  money, 
thoroughly  to  explore  the  field  with  drills  or  by  means  of  numerous  drifts. 
I  do  not  believe  the  diamond  drill  will  be  best  for  these  soft  formations, 
but  a  ehum  or  a  calyx  drill  should  be  on  hand  for  certain  parts  of  the 
work.  The  disadvantage  in  using  such  a  drill  is  the  difficulty  found 
in  obtaining  an  accurate  record  of  the  formations  encountered.  It  would 
be  foolish,  judging  from  the  folded  condition  of  the  rocks,  to  suppose  that 
the  beds  will  continue  as  they  appear  along  the  outcraps.  Without  more 
records  from  shafts,  drifts  or  bore  holes,  I  should  consider  any  estimates 
as  to  the  quantity  of  coal,  the  position  of  the  beds  and  their  condition 
to  be  little  more  than  guesswork. 

The  vicinity  of  Luguayan  Creek  on  the  eastern  edge  of  the  map  should 
be  prospected,  as  here  the  coal  is  found  exposed  below  the  upper  con- 
glomerate. It  is  probable  that  in  this  position  the  beds  are  less  folded 
than  they  are  farther  to  the  west.  I  should  even  go  so  far  as  to  predict 
the  finding  of  good,  regular  beds  underlying  the  more  level  country  near 
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Danao.  The  saving  in  transportation  and  the  greater  regularity  of  the 
beds  might  more  than  offset  the  cost  of  sinking  a  shaft  and  pumping. 

I  may  also  add  that  drilling  in  the  vicinity  of  the  andeaite  formation 
might,  not  improbably,  discover  anthracitized  coal,  should  the  andeBite 
come  in  contact  with  the  coal  bed  at  any  point.  This  has  been  known 
to  be  the  case  in  the  anthra^^ite  region  of  Colorado,  in  the  United  States. 

In  conclusion  it  should  be  said  that  the  coal  formation  in  this  district 
does  not  differ  greatly  from  that  of  Batan  Island  and  operations  in  either 
field  will  necessitate  considerable  outlay  of  capital.  Furthermore,  the 
problem  connected  with  coal  mining  in  either  field  will  tax  the  ingenuity 
of  any  engineer  and  it  will  be  a  saving  in  the  long  run  t*)  spare  nothing 
in  order  to  get  the  best  man  available. 
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ILLUSTRATIONS. 


I'LATE  1.  View  of  the  c-ountrj  in  the  vicinity  of  Siglo  XX.     Mount  Licos  in 
the   right  liackground.     Tlie   formation   in   the   foreground   is 

extrusive  igneous  rock J 

II.  Conturteii   coal   measure   shales   at   cuntaot   with   baxal   igneous 

lit.  JAthothamuium  ramossiatmiim  Reuss J 

IV.  lAtlwthamnitttti  ramossiaimum   (?)   Reuss J 

V.  Mount  Mangilao,  showing  the  base  of  the  upper  limestone 

Vr.  Panorama  soTith  of  the  C^ot-C'ot  Rivpr  from  L'amp  Clark, 
Vir,  About  1  mile  eunt  uf  Caniansi  on  the  line  of  the  i>ld  tramway  to 
the  cuai  workings, 
VIII,  Coal-measure  shales  dipping  tc)  the  east  in  Suqui  Greek. 
IX.  Characteristic  vegetation  and  topography  in  the  coal  regians, 
X.  Showing  structure  in  shales  on  the  Pare!  River. 
XI.  Cirque-like  valley  in  the  hills  to  the  west  of  Camp  Clark. 
XII.  Rubble  limestone  exposed  in  a  gorge  of  the  Danao  River. 

XIII.  The  upper  limestone  dipping  to  the  east  in  a  gorge  of  the  Danao 

XIV.  The  "Enrique  Abella"  entry,  Compoatela  mines. 
XV.  Flan  of  workings  of  the  (.'ompostela  mines. 
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Visiln  dil  Etcmi  Sir.  hspectar) 


Visita  M  Etcme  Sir  Impt 


-':  (  V.iiiA  dt  IS35  ) 
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G3iiris  " Esperimi/i" 
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NOTE  ON  THE  OCCURRENCE  OF  RHYOLITE  IN  CEBU. 


lly  Hbnby  (i.  Fkruiiw.n. 
I  llic  DiriKiu-t  of  .l/inc*.  Ilumiu  <if  Scici 


This  rot-k  (.'olltcted  by  Mr  Warren  1)   Siiiitli  (lining  his  investigation 


h 

(1  tt,      n    ] 


h    dfl 
gn  otk 


N    ba       g 
ecogn  za.       m 


p  u  mall,  clear,  fresh  grami. 

Tlie  edges  are  sharp,  but  there  are  no  idiomorphic 
cryfltals.  Only  one  good  determination  could  be 
made  and  thiH  Rave  basic  oligocla«r  (eKtinction 
angle  o£  albite  twins,  0°  and  index  of  refraction 
grain^with  lower  than  quartz).  Probably  tlie  majority  of 
tlic  undetermined  feldsgiarH  are  orthuclaBe. 

'Smith,  W.  D.:  This  Journal,  Sec.  "A,"  Gen.  Set.   (1907),  2. 
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Rare  grains  of  epid<  tv  (xtui  piueialli  aloii^,  the  darkir  bands 
The  groundmsHH  in  grtjat  part  is  cnmpoa^  uf  small  roils  and  f!rains  of  a 
pittfticallv  isotropic  mineral  mtli  a  sli(i;1it  Kieenisli  tin^e  ulnch  with  crosiwd 
iitcots  givea  a  >ei^  faint  gravinli  polarization  or  remains  entiielt  dark  Tlie 
inde\  of  refraction  ih  louer  tliaii  balsam  liente  they  aie  either  ciyatallites  or 
else  amatl  rods  of  opal  fliev  haie  a  wavy  parallel  arrangement  suggesting, 
flow  structure  (miirofelaitn.)  Between  these  rods  are  aggregates  of  a  inii  eral 
having  low  polarization  colors  and  suggesting  chlorite  These  sometimes  halt. 
leflnite  boundaries  suggesting  the  replacement  of  some  other  mineral  or  possible 
onl}  a  large  interspace  between  the  small  rods  or  else  the\  fill  up  irregular  inter 
stituil  spaces  Tlie  polarization  is  e\tremeH  irregular  and  parts  of  these  a^re 
gat«a  seem  isotropic  hence  they  may  represent  a  cr*  ptocrvstalline  stru  ture 
resulting  from  deiitriflcation 

Small  aggregates  of  a  mineral  having  a  high  double  refraction  and  rpsLinbling 
either  sencite  or  talc  also  occur  but  these  aie  rare  Ihe  banding  seems  to  be 
due  to  small  patches  of  nearly  opaque  brownish  matter 

Below  is  ail  analysis  made  by  Mr.  Herbert  8.  Walker  of  this  Bureau. 


An 

a  lysis  ■ 

■>f  Oebu  No.  57. 

Sit), 

67.25 

ALO, 

13.12 

Fe,<J, 

.24 

CaO 
MgU 

1.23 
l.IO 

K,0 

4.38 

Na,0 

1 

at   li- 

0.59 
0.15 

H,0 

on  igniti 
Total 

on 

0.11 

100.17 

The  most  striking  features  of  the  analysis  are:  (1)  The  rather  large 
ratio  of  aluminia  to  silica,  1 :  5.1,  whieli  is  above  what  would  be  expected 
in  a  siliceous  precipitate;  (3)  the  large  percentage  of  both  contained 
and  included  water,  which  would  be  natural  to  expect  in  a  chemical  pre- 
cipitate of  the  nature  of  a  novaculite,  having  an  opaline  groundmass,  but 
which,  if  the  rock  is  igneous,  must  be  refen^  to  devitrification  and 
chloritization  of  the  groundmass,  a  process  which  seems  hardly  far  enough 
advanced  to  justify  such  a  large  amount  of  water:  (3)  the  extremely  low 
iron  content,  natural  to  a  precipitate  but  liardlv  to  be  looked  for  in  an 
igneous  rock  as  fresh  as  this  appeals  to  l>e,  (4)  the  comparatnelv  high 
percentage  of  magnesia;  (5)  the  great  e\ceBS  of  potash  o\er  soda  (7  4  1 
taking  pei-centage  values,  or  4.7:1  taking  moleculai  pioportiona) 

In  addition  to  the  liigli  water  content  and  tin,  low  peicentage  of  jioii 
there  are  two  other  arguments  against  tlie  lock  being  of  igneous  oiigm 
First,  the  specific  gravity  (3.18)  is  abnomialh  low  for  an  igneous  rock, 
but  neglecting  all  the  water  this  figuu  wimid  inciease  to  about  2  b   and 
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neglecting  only  the  water  lost  at  HO",  to  about  2.4.  Second,  the  quartz 
and  feldspar  do  not  occur  in  well-formed  crystals,  but  in  sharp,  angular 
grains  with  the  quartz  often  cracked,  as  if  the  siliceous  waters  forming 
the  precipitate  had  carried  a  small  amount  of  clastic  material.  However, 
fig.  1  and  Plate  1,  fig.  1,  show  that  reentrants  are  common  and  the  absence 
of  crystal  forms  may  be  explained  by  magmatic  corrosion. 

The  email  isotropic  rods  may  be  either  casts  of,  or  precipitates  around 
algffl,*  or  they  may  be  crystallites  formed  in  the  glassy  base  of  an  igneous 
rock.  They  seem  to  hear  a  greater  resemblance  to  the  latter.  The 
banding  may  be  explained  as  either  the  result  of  original  deposition  or 
as  a  flow  structure. 

Below  are  tables  of  analyses  of  different  rocks  for  comparison  and  a 
recast  of  the  analysis  of  this  rock  and  classification  by  the  quantitative 
system.  1  have  not  been  able  to  find  any  analysis  of  siliceous  precipitates 
which  at  all  corresponds  to  this  rock,  the  nearest  being  a  pulverent  sinter, 
No,  9.  It  will  he  seen  that  the  rock  agrees  closely  with  Nos.  3,  3,  and 
4  and  falls  into  the  same  subrang  in  the  quantitative  system. 

Comparative  table  of  anoly»ii. 


Conettluenl, 

.. 

2. 

3. 

4. 

f. 

•■ 

V, 

8. 

'■ 

SiO, 

J6.51 

Tfl.41 

72.68 

74.58 

7S.M 

73.91 

99.47 

81.65 

94.68 

14.83 

lyK 

IS.  31 

"'v 

."•'• 

S.49 

.    15  9^ 

,74 

Trace. 

"■'. 

.12 

.89 

,60 

iTraCB. 
.15 

140 

CsO 

1.00 

Na,0 

.80 

K,0 

4.98 

3,  SO 

4,8T 

1.02 

HiO^  — — 

2.90 

2.08 

1.19 

.12 

7.  BO 

7.48 

l.« 

'. 

Total  ____ 

100,00 

109,65 

100.02 

09,49 

100.19 

100.46     101.  BO 

99.80 

M.W 

Speoifle  grSTlly,  2.229. 

1.  Cebu  No.  57,  neglecting  HjO. 

2.  Porphyry,  Kiiserngrat,  Windgftlle  Mountaios,  Switserlatid.  Schmidt  C: 
Sea.  Jahrb.  B.  B.  (1886),  4,  432.  (Washington,  H..  S.:  V.  B.  O.  S.,  P.  P.  14, 
130.) 

3.  Ehyolite,  Nagy-Mihaly,  Hungary.  Murokozy  K. ;  Foldiam  Koztonj/  Buda- 
pest (1892),  22,  54.      (Waahington,  H.  S.:  U.S.  O.  8.,  P.  P.  14,  130.) 

4.  Porphyry,  Arolo,  I-ago  Maggiore,  Piedmont.  Ricciardi  L.;  Att.  Acad.  Gioen. 
(1885),  18,  14.      (Washington,  H,  S.:  U.  8.  O.  S.,  P.  P.  14,  132,) 

{Columbare.  Alsbachase,  Mihaloae, 
QuarEelit;,  Domalkalic,  Dopotassic. 

5.  Rhyoiite,  Silver  Cliff,  Colo.  Cross;  Col.  Set.  Soc.  (1887),  22B.  (Kemp, 
J.  F.:  Hftndb.  of  Rocks  (1908),  28.) 


Nos.  2,  3,  4:  Persalane  J 


'Weed,  W.  H.:  V.  8 


.,  9th  An.  Rep.   ( It 
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6.  RhyoJite,  MeClellana  Peak,  Washoe  Dist.,  Nev.     Goocli,  F.  A. :   V.  8.  G.  S. 
(1885),  Bull.  17.      (Keinp.  J.  F, :  Hnndb,  of  Rocks  (1906),  28.) 

7.  Novaculite,  Rookport,  Ark.     Beachett,  R.  N.,  for  Griawold,  L.  8.:  fieol.  Ark. 
(1390),  3,  161.      (Kemp,  J.  F. :  Haiidk  of  Rocks  (1906),  89.) 

8.  Geyserite,   Yellow»t«ne   I'ni-k.     Weed,   W.    H. :   U.   .V.   O.   fi.,   Klft   An.   Kep. 
II889),  670. 

9.  Pulverent  Siliceous  Sinter,  Rotur.i,  Kpiv  Zealand.     Weed,  W,  H.:   C.  S.  G.S.. 
9th  An.  Rep.  (1889),  670. 


lv>  ■<    f  Cel 


•t  igneous 


Class  I.  Persalane 

Subclass  I.  Persalone 

Order  3.   (QuHvfelic)  Colunibare 

Rang  2.    IDonialkalic)  Alsbachosu 

Subrang  2.   (Dopotassic)  Miliaiow. 
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ILLUSTRATION. 


Plate  I,  Fio,   1.  I'liotoinicrograph  i>f  Cebu,  No.  57. 
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THE    OCCURRENCE,    COMPOSITION    AND    RADIOACTIVITY 
OF  THE  CLAYS  FROM  LUZON,  PHILIPPINE  ISLANDS. 


By  Alvin  J.  Cox. 
cnl  Divinioti,  Btireau  of  Science,  ManiUi,  P.  J.) 


INTBODUOTION. 

It  seems  hardly  necessary  to  define  a  material  of  such  common  occur- 
rence as  clay,  still  at  the  outset  a  good  definition  may  more  clearly  indicate 
some  of  its  characteristics.     Eies '  says : 

The  t«rm  cluy  b  appliei!  to  a  naturRl  aubst&nce  or  rock  which,  when  Saelj 
ground  and  mixed  with  water,  forms  a  pasty,  nioldable  maas  that  preservea  its 
ahape  when  air-dried  and  when  burned,  changes  to  a  hard,  rook-like  subatanoe  by 
the  coalescence  of  its  particlca  through  softening  under  the  action  of  heat. 

In  other  words,  heat  expels  the  volatile  constituents,  decomposes  many 
of  the  finely  ground  particles  and  causes  the  clay  to  sinter  together. 
Clays  under  the  microscope  are  shown  to  bo  heterogeneous  aggregates  of 
hydrous  and  anhydrous  aluminium  silicates  mixed  with  a  variable  quantity 
of  other  crystals,  mineral  particles  and  impurities  in  all  stages  of  decay. 
The  fact  that  silicate  of  aluminium  is  so  characteristic  a  constituent 
of  clay  is  caused  by  this  substance  being  one  of  the  most  insoluble  of 
natural  compounds.  The  size  of  the  crystals  or  particles  varies  from 
0.01  millimeter  up  to  grains  distinctly  visible  to  the  naked  eye.  The 
varieties  of  clays  are  extremely  numerous,  as  they  form  a  continuous 
series  ranging  from  pure  kaolin  (kaolinite)  down  to  the  more  imperfect 
varieties.  This  variance  is  caused  by  the  increasing  admixture  with 
kaolin  of  the  common  clays,  consisting  of  other  silicates  of  aluminium, 
the  silicates,  oxides,  carbonates,  etc.,  of  iron,  calcium,  magnesium,  and 
the  alkalies,  as  well  as  free  silica,  and  often  organic  matter.  Kaolinite 
itself  may  only  enter  into  this  mixture  in  a  small  proportion.  This 
variation  ia  not  surprising  when  we  consider  the  difference  in  the  compo- 
sition of  the  original  rocks  from  which  the  claya  are  derived.  Kaolinite 
(pure  kaolin)  is  derived  from  the  aluminous  minerals,  especially  feld- 
spar.'    In  practice  it  rarely  exists  in  the  pure  state,  since  decomposition 

'  U.  8.  O.  8.,  P.  P.  (1603),  11,  15. 

'Dana,  J.  D.:  A  System  of  Mineralogy,  New  York  (IBOO),  319,  gives  23 
analyaes  of  this  species  from  varied  sources.  The  average  is  as  follows  {figures 
give  percentages):  8iO„  65.0«;  A],0„  19.27;  CaO,  0.68;  K.0,  I0.8S;  Na,0,  3.69; 
Fe,0„  0.16;  MgO.  0.07;  BaO,  0.06;  ignition,  0.08;  total,  99.0. 
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of  the  pure,  parent  rock  seldom  takes  place  unaseociated  with  that  of 
otlier  minerals,  foreign  substances  in  small  amount  being  always  mechan- 
ically mixed  with  it;  however,  because  of  its  almost  universal  presence, 
it  is  often  considered  the  basis  of  all  clav.     Kaolinito  has  the  composi- 

/0H_ 
tion:  SijO.AljH,;'  or  perhaps  better  Al-=— SiO,=H,  which  indicates  ita 

N.SiO.EAl 
relation  to  the  parent  mineral  *;  it  contains  alumina  111). 45,  silica  4(S.65, 
and  water  13.9  per  cent,  respectively. 

Other  clays  result  not  only  from  the  decomposition  of  feldspar,  but 
from  the  breaking  down  of  other  associated  crystalline  silicates  to  which 
they  are  related  somewhat  as  kaolin  is  to  the  feldspars,  and  they  also 
contain  foreign  matter  which  is  mixed  with  them.  TTaually  th«se  mix- 
tures are  bo  complicated  that  it  is  almost  impossible  to  identify  them. 
Just  as  the  clays  range  from  pure  kaolin  to  impure  varieties,  so  in  the 
end,  because  of  a  greater  proportion  of  certain  of  the  minerals  in  the 
parent  rock,  tlie  products  of  decomposition  may  lose  all  the  characteristic 
physical  features  of  a  clay  and  thus  pass  out  of  this  class  of  bodies 
entirely. 

Clay  deposits  are  usually  designated  as  residuary  or  sedimentary.  As 
the  names  imply,  these  originate  from  their  method  of  formation,  accord- 
ingly as  this  is  due  to  the  decomposition  of  rocks  in  place  or  to  the 
resulting  decomposition  products  being  transported  by  the  streams  and 
deposited  in  regular  sedimentary  beds  elsewhere.  Kaolin  is  termed  a 
primary  or  residuary  clay  because  it  is  always  in  the  condition  of  original 
deposit.  This  is  true  of  that  from  Ijaguna;  that  is,  it  is  in  place  but 
thoroughly  leached  out.  The  formation  of  all  clay  begins  in  the  same 
way,  by  the  decay  and  disintegration  of  the  rock  mass.  In  this  Archi- 
pelago, where  we  have  no  frost  during  the  year,  the  principal  active 
agents  accomplishing  this  change  are  water  and  the  sun.  Dana "  says, 
"Feldspar  may  be  altered  through  the  action  of  waters  rendered  acid  by 
the  decomposition  of  sulphides."  Such  waters  Alter  into  the  rock,  causing 
partial  disintegration,  then  the  drying  action  of  the  sun  opens  cracks  for 
more  water  to  enter  and  further  to  attack  and  break  down  the  mineral 
grains  in  the  rocks.  By  means  of  such  iniiltrating  waters  the  feldspar 
of  the  feldspathic  rocks  acted  on,  first  loses  its  lime,  which  is  soon  de- 
posited as  gypsum  (calcium  sulphate),  next  its  alkalies  as  sulphates,  and 
the  change  finally  ends  in  kaolin  or  some  other  silicate  of  aluminium. 
In  the  less  resistant  portion  of  the  vein  the  weathering  will  penetrate  to 
a  much  greater  depth  than  in  the  harder  parts.     An  ideal  section  showing 

^Groth,  P.:  Tabellariselie  ijbersicht  der  Mineialien,  Braunschweig  (1898),  137. 
'  Clarke,  F.  W. :    U.  S.  O.  8.  Bull.   (1905),  125,  2R;  McNeil,  H.  €.:   Jour  n.  Am. 
Ckem.  Soc.   (1906),  28,  592. 

"System  of  Mineralogy,  New  York   (1900),  ,120. 
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the  chai'act eristic  breaking  down  in  tiie  foi'inHtioii  of  residuary  clay  de- 
posits is  as  follows: 


One  of  the  hoiit  fxaiiiples  known  to  nie  where  siifli  deoom position  ia 
now  going  oTi  is  in  northern  Rizal  along  Maeohnrohod  Creek.  This 
Btream  enijities  into  I'oray  Creek,  San  Mateo  River,  about  10  kilometers 
above  Montalhan.  Its  waters  ai'c  extremely  acid  from  the  decomposition 
of  Eulphitlen.  Along  its  banks  is  an  outci-op  of  vein  material  carrying 
ijuartz  whieh  is  eliaraeteristically  weatliered  into  clay  and  which  shows 
the  whole  process  taking  place  in  the  formation  of  primary  clay  deposits. 
The  quartz  is  unaffected  l»y  the  action  of  tliese  waters  and  remains  as 
grit  in  the  iinal  product.  Wlierever  we  have  grit  in  a  clay,  we  can  almost 
invariably  attribute  it  to  unweathered  particles  of  quartz  which  were 
present  in  the  parent  rock.  An  emulsion  of  the  al)ove  clay  was  filtered 
through  a  sixty-meali  sieve.  This  filtrate,  when  thoroughly  air-dried 
represents  the  result  of  tlie  decomposition  in  this  vein  and  the  product 
is  as  follows : 


8ilk: 


Alumina  inc!u<!ing  titaiiiu 
Ferrous  oxide 

Magiiesia 

Alkaliea 

Ijoss  on  ignition 

Water  below  110° 


Less  oxygen  1.70 

Total  ino.OI 

The  formation  of  a  great  many  of  the  clay  deposits  in  various  parts 

of  the  world  is  attributed  to  causes  almost  identical  with  the  above. 

Bacon,*  in  connection  with  his  investigation  of  the  acid  waters  of  "The 

'This  Journal,  Se<y.  A,  Gen.  Sci.   (1907),  2,  120. 
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Crater  Lakes  of  laal  Volcaii  In  leorded  tl  at  aluminuni  hydrate  is 
contmualh  being  deposited  ay  a  seliment  from  these  lakes  It  appears 
proballe  that  man)  of  the  clay  lei'-  f  the  I  hilippmei  may  have  been 
deposited  a''  a  result  of  the  ehemiLal  iition  of  ''in  ilar  nater^ 

Ae  the  raw  nateiiale  van  so  m  a  sinilar  way  do  the  use''  to  which 
clays  are  put  niu  eh  the  manufacture  of  portelam  stoneware  earthen 
ware  tiles  (drain  and  roof)  teria  cotta  sewer  [  ipes  common  i  ru,ks 
vitnfied  bricks  for  paimg  doorknobs  playing  marhlei  a  a  fillei  for 
paper'  a  food  adulterant  etc  \t  one  end  of  a  series  we  iind  th 
anal}ee8  of  the  hnc  Eur  pean  poicelam  which  is  made  from  practically 
pure  kaolin  with  a linixture''  of  flint  feldspar  etc  and  at  or  near  the 
)ther  we  eucc  mtei  the  crule  potter\  of  tie  niajoritj  of  savage  tribes 
which  IB  usually  made  from  clav  ver\  1  igli  m  iion  and  containing  very 
little  kaolin  If  we  continue  m  the  dir  ction  of  s  li  lous  dilut  on  we 
find  the  analyses  of  fire  cla\  wares  and  ti  tie  Focallel  dmas  buck 
much  used  for  building  purposes  m  i  any  places  for  example  in  western 
German}  Ihc  latter  are  pure  crushel  quart?  excepting  the  residue 
from  the  m  Ik  of  lime  or  eh\  in  the  wit#r  u^ed  for  moiiitening  the 
mater  al  before  it  «  n  ilded  lit?  the  bricks  and  whicl  is  the  cement  ng 
constituent 

LXPEEI  MENTAL, 

The  object  of  tliie  paper  is  ratlier  to  show  in  a  preliminary  way  the 
geologic  distribution  and  quality  of  clays  on  Luzon  than  to  pronounce 
upon  their  economic  values.  The  chemical  composition  is  the  first  step 
toward  a  complete  knowledge  of  the  quality  of  these  materials  and  I 
therefore  give,  in  the  following  table,  analyses  and  t^ts  of  a  few  specimens 
of  the  Luzon  clays: 

Sample  OESCKIFTION   OF   THE   CLAYS. 

1.  Kaohnite  calculated  from  the  theoretical  formula  AljO,-2SiO,-2H,0. 
a.  Koalin  or  china  clay  trfim  Los  BaSos,  Laguna.     Approaches  closely  to  koalin- 
ite  in  composition. 

3.  Kaolin   or   china   clay   from   the   Vicenti   Jesus   mine,   Laguna.     Approaches 

rioaely  to  kaolinit*  in  composition. 

4.  Kaolin   or  china  clay,  not   from   Luzon,  but  from   Rombloii.     It  approauhes 

closely  to  kaolinite  in  composition  and  ia  given  for  the  purpose  of  com- 
parison. 

6.  Koalin  or  china  ciay  from  Laguna  Province. 

8.  Kaolin  or  china  clay  from  Los  Bados,  Laguna  Province.  Approaches  closely 
to  kaolinite  in  composition 


a  has  alieidj  been  directed  bv  Richmond  {Ihis  Journal,  Sec.  A,  Qen. 
Sei.  (1007),  2,  81)  to  the  probable  usefulness  A  Philippine  clays  as  a  filler  and 
a  glazing  material  for  paper  nianufatture  fstandarda  for  the  purchasing  and 
testing  of  such  filling  materials  are  giien  bv  Schacht  W.,  Papier  Ztg.  (I008|, 
31,  4234;  Cftem.  d6s(Tu((B  (1007)    1    485 
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7.  Kaolin  ur  ohina  cluy  from  the  wist  side  iif  Piijo  Arroyo,  Loginia  Proviin*. 

Approacliea  closely  to  kaoHnite  in  composition.  Taken  from  the  bottom  of 
a  pit  3  meters  deep. 

8.  Kaolin  or  china  clay  from  Tagonton-Paracale,  Camarines.     Taken  from  the  . 

wall  next,  to  the  vein  in  the  San  Mauricio  mine. 

9.  Kaolin  or  china  clay  from  Bauan  Solfatara  near  Point  Oaiador,  Batangas 

Province. 

10.  Kaolin  or  china  clay  from  the  east  side  ol  Pajo  Arroyo,  Laguna  Province. 

Taken  from  the  bottom  of  a  pit  3  meters  deep. 

11.  Kaolin  or  china  clay  from  Bucay,  Abra. 

12.  Kaolin  or  china  clay  from  Calamba,  Laguna  Province. 

13.  Kaolin  or  china  clay  from  Nasugbu,  Batangas  Province. 

14.  Kaolin  or  china  clay  from  Albay  Province. 

15.  Kaolin  or  china  clay  from  llocos  Norte, 

16.  Kaolin  or  china  clay  from  llocos  Norte. 

17.  Kaolin  or  china  clay  from  Matiquo,  Laguna  Province. 
18.S  Kaolin  or  ohina  clay  from  Dolores,  Abra.     Not  quite  white. 
19.''  Kaolin  from  Woltson  mine,  Ijlguna  Province. 

20.  Kaolin  from  tlie  district  east  of  Nasugbu,  Batangas  Province. 

21.  Silieious  ferruginous  kaolin.     Exact  source  unknown. 

22.  SilieiouB  ferruginous  kaolin.     Exact  source  unknown, 

23  Kaolin  from  near  Cervantes,  Lepanto-Bontoc. 

24  White   silicious  clay  from  San  Agustin-Magalang,  Pampanga  Province. 

25  Dark   cream  ruer  clay  from  Laguna  Province. 
28  Gray  ruer  clay  from  Laguna  Province. 

27  Gray  river  claj    from  Laguna  Province, 

28  Gray  ruer  cla^    from  Laguna  Province, 

29  Gray  clav  from  Clarke  s  gold  mine,  Antimok,  Benguet.     This  was  refined  by 

making  an  emulsion  passing  through  a  00-mesh  sieve,  and  drying  at 
110°  bef  re  analyzing  About  39  per  cent  of  quartz  and  rock  fragments 
uere  retained  on  the  sieve  and  discarded. 

30  Clai  taken  fr<m  the  surface  of  a  deposit  of  considerable  extent  which  occurs 

n  the  banks  of  the  Tinajevos  Blvet  neat  Malinta,  Bulacan  Province. 
Cla>  of  this  quality  seems  to  abound  along  the  route  of  the  Manila  and 
Dagupan  Railroad  north  of  Caloocan, 

31  Bn  k  claj  from  Bulatan  Province, 

32  Common  cla^   from  Binnngouan,  Kizal  Province. 

33  Clav  used  m  Mandaloyan  on  the  Pasig  River,  for  making  brick.     Taken  from 

the  bottom  of  a  pit  about  2  meters  deep, 

34.  Clay  from  the  first  hills  on  the  road  to  Bannangar,  Rancherio  Tablan,  Benguet. 

35.  Clay  used  to  paint  houses.     Near  Nasugbu,  Batangas  Province, 

36.  Clay  subsoil. 

37.  Igorot  clay. 

38.  Igorot  clay. 

■  It  may  be  possible  to  remove  enough  iron  by  washing  to  make  this  clay 
available  as  an  alkaline  silicious  kaolin.  Otherwise  it  is  of  low  value  because 
the  quantity  of  iron  oxide  is  great  enough  to  give  a  red  body  after  firing,  it  is 
too  alkaline   for  refractory  ware  and  calcareous  enough   to  have  a   low   fusion 

"  It  may  be  possible  to  remove  iron  from  this  by  selecting  and  washing  and 
to  make  it  available  as  a  first-class  china  clay. 
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Ill  most  places,  the  supply  of  c-lay  for  coinmercial  uses  is  obtained 
from  surface  openings  or  clay  banks  and,  with  the  exception  of  Numbers 
8  and  39,  this  is  the  case  with  the  specimeiis  given  in  Table  I.  Some  com- 
panies are  operating  underground  works  and  so  obtain  a  more  uniform 
and  purer  product 

It  IS  exceptvonal  for  cla^M  to  be  used  m  thur  natural  state  for  other 
than  n  on  work,  l>et,ause  of  the  numerous  bits  of  rock  which  are 
mingl  d  w  th  their  iiiih«  In  almost  everj  parent  rock  there  are  ^ery 
la  d  m  n    al  particles  which  rciat  the  weathbnng  and  umam  behind, 

ntan  nat  ng  the  cla\  A  certain  amount  of  soiting  is  alway  necessary 
He  e  n      the  justification  for  printing  analyses  of  the  unpurified  speci 

Ik  It  will  at  once  be  evident  that  the  deposits  will  not  through 
sorting  become  poorer  than  the  published  result's  For  the  above  leason 
a  cliemieal  analyiis  ol  a  re^iduar^  clay  may  not  alwaj's  be  reliable  ab  a 
means  of  judging  its  usefulness  from  the  standpoint  of  the  tcramie 
industries  as  it  ma>  contain  impurities  which  render  it  useless  in  the 
rough  state,  but  by  grinding  and  decantation  it  may  be  separated  from  its 
impurities  Ries "  m  summing  up  the  facts  obtainable  from  the  ultimate 
analjsis  of  a  claj,  gnes  the  following  mam  points 

1  The  purity  of  the  elav  showing  tlie  proportions  of  silica  alumina  combined 
water  and  fluxing  impurities  High  grade  cla^a  ahow  a  pereeiitagt  of  ailiea 
tlumina  nnd  water   appioaching  quite  closely  to  those  of  kaolinite 

2  The  refractoriness  of  the  tliij  for  other  things  being  equal  the  greater  the 
total  Bum  of  flu"(ing  impurities    the  more  fusible  the  elay 

3  The  color  to  which  the  claj  burns  Ihia  may  be  judged  approMmatelj  fir 
clays  with  several  per  cent  or  more  of  ferric  oxide  will  bum  red,  provided  the 
iron  18  evenly  and  finely  distributed  in  the  clay  and  there  is  no  excess  of  lime 
The  abo\e  conditions  will  be  affected  bi  a  reducing  atmosphere  in  burning  or  the 
presence  of  sulphur  in  the  fire  gases 

4  The  quantity  of  water  ("lavs  with  a  large  auiount  of  chemically  com 
bined  water  sometimes  exhibit  a.  tendency  to  crack  in  burning  and  may  also  show 
high  ahrinkage  If  kaolinite  is  the  only  mineral  present  oontainitig  chemically 
combined  nater  the  ptictntage  of  the  latter  will  be  approximately  one  third  that 
of  the  percentage  of  alumina  but  if  the  cla>  eonfainfl  much  limonite  or  hydrous 
silica  the  percentage  of  ohemioallv  combined  water  ma(  be  much  higher 

5  Excess  of  silica  A  large  excess  of  ailica  indicates  a  aandj  cUy  and  if 
much  IS  present  in  the  analyaia  of  a  lire  elay  it  indicates  low  refractoriness 

6  The  quantity  of  organic  matter  If  this  is  determined  separately  and  it 
IB  present  to  the  extent  of  several  per  cent  it  Hill  require  sion  burning  if  the 
clay  IS  dense 

7  The  presence  of  several  per  cent  of  both  lime  (faO)  and  cirbon  dioxiJe 
(LUi)   in  the  elay  indicates  that  it  is  quite  calcareous 

be\eral  of  the  above  analjsea  dD  net  to  anj  large  degree  indicate  acci 
dental  impuntie''  \  few  show  mmute  traies  ut  sulphuric  anhjdnie 
prubablv  accounted  for  h^  crvstals  of  g\p'!um  which  prohabl}  could  be 
lemoved  bj  washing     The  iron  m  most  cases  is  in  all  likelihood  present 

•Wis.  Geol.  and  Nat.  Hist.  Sur.   (1900),  16,  Econ.  Ser.   10,  12. 
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as  the  oxide  resulting  from  the  decomposition  of  iron  eulphidea  during 
the  original  leaching  of  the  clay  material.  In  rough  work  it  does  little 
harm,  and  in  fine  work,  if  present,  in  particles  of  any  size,  it  could  easily 
be  removed  by  washing.  In  some  of  the  Philippine  kaolins  the  iron  was 
observed  to  be  in  tiny  grains.  However,  there  are  many  things  which 
are  not  sliown  by  a  cliemical  analysis.  The  results  of  such  an  analysis 
are  expressed  as  if  all  of  the  metals  existed  as  oxides  and  the  acids  as 
anhydrides.  For  example,  gypsum  (CaSO,),  calcium  carbonate  (CaCOj) 
and  sideiite  (FeCO,)  would  be  considered  as  jireseut  in  the  form  of 
lime  (CaO)  and  sulphuric  anhydride  (bOj)  hmt  and  carbonic  anhydride 
01  carbon  dioxide  (CO  )  and  ferious  oxide  (FeO)  and  earhon  dioxide 
respectively  In  general  the  fusibility  of  a  clay  increases  directly  in 
piopoition  to  the  pcRentage  ot  flu\ing  materials  which  it  contains  but 
theie  are  exceptions  depending  on  the  mineral  condition  cf  the  oxides 
If  the  oxide  is  present  as  a  carbonate  it  generallv  fuses  at  a  different 
temperature  than  if  it  were  present  in  the  form  of  a  silicate,  and 
furthermore  the  fusibility  of  the  \  an  jus  silaates  of  the  aaiiie  o\ide  coin 
ponents  larv 

Some  of  tlie  coiuinonest  mincralh  in  clajs  ai-c  :]aa.iU  feldspar  ealcite 
dolomite  gypsum  apatite  pyrite  other  iron  oies  mica  talc  serpentine 
hornllende    pyroxene    garnet    tourmaline    etc      these  are  constituents 

t  the  parent  rock  which  lia\e  escaped  decomposition  With  the  excep 
tion  of  quartz  the  particles  are  usually  too  small  to  be  detected  by  the 
naked  e\e  so  that  the  rationil  analysis  *  and  the  mechanical  analysis 
to  supplement  the  ultimate  anahsis  are  revolted  to  in  orler  to  determine 
the  different  percentages  of  the  minerals  present  It  is  not  claimed  that 
these  aie  accuiate  method^  Imt  they  are  the  l)est  jet  offered  When 
a  great  manv  different  kinds  of  mineral  particles  arc  present  in  one 
clay  the  methods  become  extremeh  tomplitated  and  with  the  common 
claji  are  seldom  used  For  kaolin  where  the  onh  constituents  are 
kaolinite  feldspar  and  quartz  the  rational  analvsis  becomes  quite 
simple  and  especialh  useful  and  as  most  clay  workers  understand  the 
lelative  importance  of  these  constituents  when  thev  are  determined  the 
behavior  of  the  cla\  can  approicimateh  be  estimated 

Research  m  the  direction  of  mechanical  analvsis  ha**  established  methods 
bv  which  not  mercl>  the  size  of  the  grains  but  also  their  shape  the 
specihc  gravity  ot  the  matenals  etc  mav  be  determmed  these  are 
important  factors  m  establishing  the  usefulness  of  clays 

The  determination  of  the  fineness  of  the  mechanical  division  is  im 
portant  tince  it  gnes  an  idea  of  the  loss  when  the  material  is  prepared 
for  certain  kinds  of  work      The  following  data  b\  Mr   L   A    Salinger 

how   tie  iirciortion   if  certain  wzes  of  giams   lu  some  of  the  clajs 

■  The  actual  method  is  given  in  almost  any  test  on  clay  analysis  for  example 
Ashby   H   M        How  to  Analyse  (.lay      Chicago   (1901)    48 


Hosted  by  Google 


mentioned  in  this  paper.     The  raw  days  were  suspended  in  water,  pressed 
through  a  60-mesh  sieve,  and  dried  at  110°. 

raseeil  throuBh  60    Relain«d  on  M 


I  have  not  been  able  further  to  study  these  properties  at  tliis  tiiue. 
Bourry  '■"  has  formulated   a   very  satisfactory  classification  of  clays, 

and  he  gives  the  following  as  a  differentiation  of  the  principal  kinds  of 
kaolin : 

I.  Pure  SooiiMS  do  not  contain  moie  than  fioin  5  to  0  pei  cent  of  silica  and 
2  per  cent  of  fluxen  tlie  pioportion  of  eaoh  of  the  fluxes  taken  singlj  being  not 
more  than  1  per  cent  riie\  are  al^tays  brought  to  thm  degree  of  purity  b> 
wasliing  and  piesent  tlieniHeUes  in  the  form  of  a  «Uite  powdei  occasionally 
slightlj  tinted  Hith  yellOH  gray  oi  led  and  \er\  unttuoua  to  the  touch  After 
tiring  they  form  a  bod\  of  milkv  whiteness  Ihey  aie  used  in  the  manufacture 
of  porcelain  and  fine  fatence 

II  Alkaline  fcaolttis  — The  only  difference  between  these  Kaolins  and  the  pre 
ceding  i»  that  thej  contain  a  higher  proportion  of  alkalies  which  can  mount  up 
to  5  per  cent  coming  from  the  mixture  of  feldsptir  and  inica  In  the  meantime 
the  propoition  of  oxide  of  iion  rises  sometimes  to  2  pei  cent  They  haie  the 
same  use  as  the  pieceding  but  it  must  be  observed  that  a  \er\  tarefiil  wanhmg 
results  in  takinfc  anav  the  greatest  |>art  of  the  alkalieR 

III  ittltcious  kaoUiis — In  these  kaolins  h} drosilicate  of  aluiniua  is  mi\ed  in 
Ik  considerable  propoition  nitli  quaitz  in  the  stat«  of  impalpable  powder  This 
content  of  silica  dependti  gieatly  on  the  caie  bestowed  in  the  washing  it  can 
rise  to  20  or  25  per  leut  These  kaolins  furmsh  a  bodj  of  small  plasticity  ind 
are  of  a  light  granulous  texture  Thej  are  used  in  the  manufacture  of  porcelain 
and  certain  kinds  of  faience  but  for  bodies  which  have  no  need  to  be  ^ery  plastic 

IV.  Alkihne  silicious  kaohm  contnin  at  the  same  time  a  considerable  propor 
tion  of  alkalies  and  of  silica  and  partake  of  the  ptoperties  and  uses  of  tbe  two 
preceding  kinds 

v.  Fcrrujfinous  i oo Ji m  —  These  kaulius  toutam  a  quantity  of  oxide  of  iron 
which  is  too  great  to  gne  an  entirely  iihite  bod^  after  filing  When  tins  content 
is  not  too  high  it  is  utilized  in  the  manufacture  of  porcelain  and  faience  of  inferior 
quality  For  a  greater  propoition'  the\  can  be  used  in  the  manufacture  nt 
refractory  productions   but  on  the  cindition  that  the^   haie  not  too  much  alkali 

The  days,  the  analjseb  of  which  are  gnen  ahoie  ha(e  not  been  bub 
)ptted  to  washing  huch  treatment  noidd  probabli  impio\e  and  thange 
the  clasBjfication  of  eome  of  them      As  the\  aie,  numherR  1    2    3,  -i,  5, 

"  fieatise  on  Ceramic  Industiies,  London   ll)H)l),  5ft 

"Too  much  lion  must  be  avoided,  for  it  is  a  fluxing  impuritj  and  will  lower 
the  fusing  point  of  the  clay,  espetialh  when  in  the  fenoua  condition  or  in  the 
presence  of  silicates  ^ire  clavs  should  not  greatlj  exceed  3  per  cent  of  iron. 
If  the  clay  contains  5  jicr  cent  or  more  it  is  suitable  onlv  foi  bricka 
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6,  and  7  would  be  classed  ae  pure  kaolins;  8  and  !l  as  alkaline;  10,  11 
and  12  as  silieious;  13,  14,  15,  1(5,  17  and  18  as  alkaline  silicious;  and 
19.  20,  31,  33  and  33  as  ferrnginons  kaolins. 

A  satisfactory  classification  of  common  clays  is  more  difficult  and  of 
less  importance;  therefore  we  will  group  all  the  remainder,  namely 
numbers  34,  85,  2(>,  27,  'J«,  3!),  .^0,  M,  32,  33,  34.  35,  'Mi  and  37  nnder 
this  class. 

Analyses  numbers  1,  2,  3,  i,  5,  G  ami  7  compare  favorably  with  the 
analyses  of  the  best  quality  of  kaolin  from  all  parts  of  the  world  which 
are  given  below : 

Table  Jl."—AiialyKes  of  Ihe  best  qiinlity  of  kaolin,  from  all  parts  of  the  world. 


.,„„. 

Alumina. 

Ferric 
oxiae. 

Lime, 

SS-. 

Alkalies. 

ignitloii. 

E    1  nd 

4S52 
47  M 

41  (» 

4-74 

37. 8S 

*;» 

36,68 

i:^ 

0.H 
2  17 
0,2S 

0.<7 

0.20 

18.48 
12.67 

18.34 
13.00 
11.30 

12.78 

0.25 

l.W 

0.48 

2.00 

0.4[> 
0.82 

Amertc- 

1,S9 
0.8» 

China 

Japan  (Schiraje) 
Germany  (Dolau) 
Bohemia  |Z«tUit£) 

E 

0.27 

0.30 
0.30 

Ihe  anal>se&  ot  portelams  fi'om  China,  Vienna,  Meissen,  Berlin 
etc     show  a  LOinposition  of — ■ 


Sili(» 

Minimum 

(percent), 

53 

Maximum 

(pet  cent). 

75 

£3, 

m 

Alumina 

IS 

35 

28 

lun 

As  little 

IS  piissible 

0.8 

Lime 

0 

.') 

1 

Magne..a 
P<tash 

0 

1.5 
5 

0.2 
2.5, 

The  water  from  kaolin  passes  off  at  a  teniperatui'e  somewhat  above  330° 
(Hillebrand).  If  we  recalculate  the  analyses  nnmljered  1,  2,  3,  4,  5,  (i 
and  7  of  Table  i  to  the  anJiydrons  clays  as  is  shown  by  Table  III,  we 
have  an  average  of  fluxing  materials  much  below  that  in  the  finished 
product  given  above.  The  alumina  is  higher  and  the  silica  lower,  and 
this  condition,  as  no  flint  has  been  added,  is  to  be  expected.  Tlie  proper 
percentages  of  alumina  and  silica  would  be  produced  by  the  addition  of 
the  latter,  and  the  fluxes  would  be  reduced  still  lower,  or  a  greater  margin 
for  impurities  in  the  flint  would  be  obtained. 


'^Bim 


;    Cerj 


c  Technology,  l^nd.  (1897), 
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B  III. — Analytea  of  ctayt 
Sample  No 


COX. 

7  recalculated  to  the  anhydTou»  condituim. 
Silica      AlnmitiB.!    J«f^/   I    Lime.    }    ^-    lAlkalles. 


1S.5 


bome  anal\sea  ot  "'tandard  fire  clays  are  given  in  Table  IV  and,  as 
will  be  seen  the  anahbeh  of  tht  iilieioiis  kaolins  numbered  10,  11,  12, 
11    2U    31    and  23  tompare  well  with  them. 

Table  IV." — Analyses  of  standard  Jiir  iJngs. 


Source. 

SIliCB. 

Alumina 

.'S 

Ume. 

n"i.    1- 

England  (SMurbrii3ge)___ 
Eagland  IBrleilejr  Bill).. 

65.10 

7i.n 

17.  SO 

n.19 

;-« 

0.J8  j 
13oi 

o:« 

"\ 

Bohemia  (ZettlHi) 

Analyses  of  the  products  of  primitive  peoples  are  given  by  Binns '' 
from  which  the  following  have  been  selected : 


Tablb  V. — Analyses  of  the  products  of  primitive  people. 
Material. 


Etruscan  pottery  __ 


S..  •'«'<■'■' 


The  loss  on  ignition  demonstrates  that  tlieae  products  have  been  fired 
at  a  very  low  temperature.  They  are  given  in  order  to  show  the  com- 
parison with  the  clay  materials  used  by  the  Igorots.  Analyses  numbered 
36  and  37  of  Table  I  are  only  slightly  better  than  the  material  the 
analyses  of  which  are  given  in  the  above  table.  Practically  all  of  the 
native  pottery,  cooking  pots,  "pelones,"  etc.,  outside  of  Manila  are  made 
from  ordinary  brick  "clay. 

Cliemical  analyses  of  clays  to  be  used  for  commercial  purposes,  are 
fundamental  and  at  the  ontset  necessary,  for  without  thetti  the  reconstriic- 
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tioa  of  the  final  luaterhil  would  be  next  to  impossible.  Becawsu  of  the 
variation  needed  in  making  different  wares  it  is  seldom  that  a  single 
clay  is  used  for  the  piii-i>ose  of  manufacture ;  as  a  rule,  several  are  mixed 
together.  One  kind  of  clay  by  judicious  admixture  of  other  materials 
is  often  adaptable  to  the  manufacture  of  several  varieties  of  wares.  A 
practical  potter,  if  he  has  a  complete  knowledge  of  the  chemical  compo- 
sition of  a  clay,  is  able  to  mix  different  varieties  and  materials  to  suit  a 
given  purpose;  that  is,  a  chemical  analysis  shows  him  what  ingredients 
must  be  added  or  removed  to  give  a  desired  result.  In  itself,  a  chemical 
analysis  does  not  show  whether  or  not  a  clay  is  useful  for  a  given  purpose, 
for  of  the  impurities  in  a  clay  some  are  easily  melted,  others  are  infusible, 
some  are  plastic  and  others  are  brittle,  and  slight  differences  in  the 
plasticity,  tensile  strength,  shrinkage,  fusibility,  color,  etc.,  which  ate 
not  controlled  by  the  chemical  composition,  may  very  largely  affect  the 
commercial  value  of  a  clay. 

Plasticity,  that  common  property  of  al!  clay  to  fonn  a  moldable  mass 
when  wet,  varies  with  different  samples,  forming  an  entire  series,  from 
those  of  low  to  the  ones  of  very  high  plasticity.  This  property  can  not 
be  inferred  from  the  chemical  analysis.  Tip  to  a  certain  point  there  is 
a  coincidence  of  plasticity  and  bonding  power  and  several  of  the  other 
physical  properties  stand  in  close  relation  to  the  former.  Manufacturers, 
as  a  consequence,  carefully  study  the  means  of  changing  the  degree  of 
plasticity  of  clays ;  those  which  are  commonly  known  are :  l"he  reduction 
by  adding  sand  or  less  plastic  clay,  while  materials  of  too  low  plasticity 
may  often  have  this  property  increased  by  washing  and  thereby  removing 
a  part  of  the  sand.     Rohland '"  gives  the  following: 

A.  The  ways  of  increasing  the  plasticity  of  ela3^ :  First,  by  contact  with  spring 
or  river  water,  by  means  of  which  colloids  are  formed  by  hydrolysis.  Thus 
Bilieie  acid,  aluminium,  and  iron  hydroxides  are  produced.  The  action  is  expe- 
dited by  fine  grinding.  Because  the  hydrosyl  ions  resulting  from  the  hydrolysis 
tend  to  decrease  the  plasticity,  pure  water  is  not  suitable  for  the  above  purpose, 
but  owing  to  the  acid  fermentation  of  the  organic  conetitnents  present,  spring 
or  river  water,  assisted  by  the  organic  matter  of  tlie  clay  or  substances  added 
intentionally,  neutralize  the  action  of  the  hydroxyl  ions.  Second,  by  lowering 
the  temperature  which  has  also  to  do  with  the  colloids  of  clay.  The  effect  is  a 
very  slow  one.  Third,  by  the  addition  of  colloids  and  organic  substances  like 
destrin,  tannic  acid,  catechu,  etc. 

B.  The  ways  of  decreasing  the  plasticity,  as:  First,  by  the  addition  of  hydrosyl 
ions,  lime  water  being  the  cheapest  reagent  for  this  purpose.  If  the  cenoen- 
tration  of  the  hydroxyl  ions  of  the  lime  water  is  too  low  for  some  clays,  it  may 
be  increased  by  the  addition  of  sodium  hydroxide  solution  or  any  strong  base 
combined  with  a  weak  acid.  The  latter  class  is  represented  by  phosphates, 
silicates,  etc.  Neutral  salts  like  EWdium  chloride,  Glauber's  salt,  magnesitun 
chloride,  etc.,  appear  to  be  indifferent.  Borax. weakens  the  effect  of  the  hydroj^l 
ion  and  potassium  carbonate  strengthens  the  action.  Second,  by  raising  the 
temperature.     Just  as  gelatin,  agar-agar,   etc.,  liquefy  on  heating  to  a  certain 

"Sprechsaal  (1906),  42,  1371i  Chem.  AbstriKta  (1907),  1,  90. 
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temperature  bo  increaspd  teniperatuie  liuhg^  p1b(  to  luii  ind  hence 
plasticit}  It  HppeurH  likeir  that  thi  rgamc  conntituents  of  plav  awe  this 
liquefaction  as  socn  an  v  certiin  limiting  temperature  has  been  exteeded  The 
increase  in  temperatuie  ma>  he  hrouRht  about  nieLhni  icailj  h\  stirring 

Ihere  la  no  unifoim  ^aj  of  lietermmiii^  pUsticit^  Some  workeis 
emplo}  Bischofs  method  of  forcing  the  moi«t  claj  thiou^h  a  die  and 
measuring  the  distance  it  projects  others  use  the  A  icat  needle  '"  t]ie 
method  of  Giout  "  otc  Theie  i*  a  certain  degree  sf  lelationship  between 
the  plaiticit\  and  the  ainoimt  ot  water  necessaij  to  be  added  m  order  to 
form  a  workable  paste  4  fine  giamed  clai  iibually  lequires  more  water 
and  as  a  rule  is  more  plaatii  than  one  which  is  coaise  In  the  e^peri 
itients  recorded  in  lable  VI  water  was  added  until  the  "V  icat  needle 
snowed  normal  cm'iietfnc^  the  water  being  afterwardi  determined  b} 
allowing  the  sample  to  air  dry 

Tenftle  ot  heahtng  stungth  i«  the  lesistance  to  rupture  which  is 
offered  bj  the  air  dried  cla)  This  is  an  important  factor  to  be  deter 
mined  in  oider  to  know  the  amount  (f  nonplastii.  material  that  can 
safely  be  added  and  the  sample  still  lesist  the  shocks  and  stiains  in 
handling  to  whith  it  i&  always  subjected  m  the  process  of  manufacture 
This  ma\  be  determined  on  any  standard  machine  such  as  is  used  tor 
the  same  purpoefe  in  tementfi  In  carrying  out  the  test  the  tempered 
cla>  18  molded  into  briquettet  just  as  ih  the  case  with  cement,  the 
briquettch  having  a  uoss  section  of  6  45  square  centimeters  (1  square 
inch)  when  molded  I  hey  are  allowed  to  dry,  first  in  tlie  air,  then 
it  10(1°  then  placed  m  the  testing  machme  and  a  unitoimh  increasing 
load  gradually  applied  so  as  not  t  produce  a  hhjck  until  they  bieak 
Caie  must  be  excKised  m  placing  the  briquettcb  m  the  machine  to 
prevent  all  ci  iss  btrains  from  impro]  er  centtnng  and  from  other  causes 
Theoretically  a  briquette  should  break  across  its  smallest  cross  section 
but  failure  to  take  any  of  the  above  precautions  may  result  m  anything 
but  this 

Shnnhage  is  of  two  kinds — that  which  occuis  in  the  air  after  the 
claj  hae  been  molded  in  a  wet  condition  and  that  which  takes  place 
during  the  operaticn  of  burning  Both  jf  these  quantities  vary  greatly 
and  aie  very  useful  m  estimating  the  ^alue  of  the  raw  material  The 
leciea.e  of  volume  m  the  an  is  due  to  the  diawmg  together  of  the 
particles  when  the  watei  added  to  affoid  a  workable  mas-,  evaporates 
Fven  m  the  same  clay  this  factoi  i»  ften  somewhat  ^uiial  It  in  piopoi 
tion  to  the  pressuie  given  the  matuiial  m  molding  The  amount  of 
shnnkage  of  a  elay  upon  burning  depends  not  oiil>  upcn  the  quantity 
of  volatile  constituents  eueh  ab  organic  matter  water  of  constitution 
carbon  dioxide  etc  but  also  upon  the  texture  of  the  elai  and  the  ttm 
perature  at  which  it  is  buinel  Some  clavs  containing  high  percentages 
of  calcium  and  magnesmm  cail  onates   even  expand  luring  certain  stageb 
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of  the  process,  although  they  show  uornial  ahrinkage  at  other  periods 
during  the  hurniiig.  Many  clays  shrink  to  such  an  extent  that  they 
,  warp,  crack,  or  hliater  when  humed.  When  the  fire  shrinkage  is  large, 
other  substances  of  small  or  no  fire  shrinkage  must  he  added.  It  is 
also  necessary  to  know  tJie  air  shrinkage  in  order  to  estimate  the  size 
of  a  mold  necessary  to  give  a  finished  product  of  given  dimensions. 

The  shrinkages  expressed  in  Table  VI  are  given  in  per  cent  of  the 
length  of  the  briquette  when  freshly  molded.  The  clays  were  all  burned 
at  a  uniform  temperature  of  about  1,100"  C.  (slightly  above  the  melting 
point  of  gold),  which  is  well  above  that  at  which  all  water  of  constitution 
passes  off. 

Fusibility  is  either  increased  or  decreased  by  each  constituent  of  a 
clay.  Fire  clay  is  practically  pure  aluminium  silicate  togetlier  with 
silica,  and  it  will  bear  intense  heat  without  melting.  The  presence  of 
different  quantities  of  iron  alone  varies  the  fusibility  of  the  clay  and  there- 
fore the  use  which  can  be  made  of  it.  The  less  l!ie  iron  content  the  more 
refractory  the  clay.  Other  common  fiuxing  materials  are  magnesia, 
lime,  sodium  and  potassium  compounds,  and  I  have  arranged  them  in 
the  order  of  their  flu.vLJng  power.  The  presence  of  any  of  these  with 
the  iron  helps  to  form  a  flux  and  greatly  to  lower  the  fusion  point. 
For  example,  if  more  than  2  or  3  per  cent  of  lime  or  potash  is  present 
in  a  clay,  good  brick  will  not  result  as  these  substances  cause  the  bricks 
to  run  into  glass  while  they  are  being  burned.  The  fusion  point  of  a 
clay  can  best  be  determined  by  means  of  a  pyrometer.  It  may  also  be 
satisfactorily  judged  by  comparison  with  test  pieces  of  known  composi- 
tion (standard  Seger  cones)  ,^*  etc.  The  elaborate  work  on  the  composi- 
tion and  fusing  point  of  Seger  cones  will  be  of  assistance  in  deciding 
the  fusibility  of  a  clay  from  its  analysis,  as  well  as  in  actual  comparative 
tests  made  by  placing  cones  and  clay  side  by  side  in  the  furnace.  Cone 
number  1  melts  at  1,150°  and  cone  number  30  at  1,530°.  The  difference 
between  any  two  successive  numbers  is  30°  and  the  highest  number  is 
36 ;  tliis  cone  is  composed  of  absolutely  pure  kaolin.  The  temperatures 
usually  obtained  in  porcelain  furnaces  lie  between  the  melting  points  of 
cones  numbered  1  and  20." 

"Reia,  H. :   U.  S.  O.  8.,  P.  1'.   (1003),  11,  24;  Bourry,  E.:  Loo.  dt.,  398. 
"TliB  following  dat«  taken   from  Bourry's  "Treatise  on  Ceramic  Industries" 
give  an  idea  of  the  numbers  of  the  Seger  cones  which  are  used  in  various  potteries: 

Muffle  firing  for  decoration ,...     0,022  to    0.010 

Burning-  fusible  bodies  — 015  to      .01 

Burning  slightly  fusible  bodies  1         to  10 

Stone  ware  burning ~ 9         to  10 

Burning  the  body  for  fine  faience 3         to  10 

Burning  the  glaze  for  fine  fatence , 010  to      .01 

Burning  flro-clay  ware  and  porcelain 10         to  20 

T)ie  testa  from  20  to  36  are  used  only  In  experiments  for  fusibility.  The  work 
of  Simonis,  Bprecksaal,  6,  "I,  Chem.  Abttracts  (1907),  1,  2166,  shows  that  cones 
20-25  melt  within  16°  of  each  other  and  that  their  use  seems  unnecessary. 


Hosted  by  Google 


428  o<)X. 

The  highest  constant  temperature  obtainable  in  this  country  is  at  Zobel's 
pottery  kiln  in  San  Pedro  Macati.  In  it  a  temperature  of  over  1,300" 
is  attained^  which  is  about  the  same  as  the  highest  temperature  attainable 
in  the  muffle  furnact!  of  this  Bureau.  The  kiln  fraa  placed  at  my  disposal 
for  experimental  purposes  and  the  temperatures  of  fusibility  recorded 
in  Table  VI  were  determined  there  by  comparison  with  standard  cones 
and  the  temperature  confirmed  thermoelectrically.  The  fusing  points 
marked  6  either  lay  above  the  temperature  obtained  with  the  furnace 
used,  or  a  sufficient  quantity  of  the  sample  was  not  at  hand  and  therefore 
they  were  estimated  from  their  analyses  given  in  Table  I,  by  comparison 
with  a  table  of  Soger  cones  and  the  fusion  points  actually  determined, 
and  by  our  general  knowledge  of  fluxing  materials. 

The  color  of  a  raw  clay  is  usually  due  to  the  presence  of  organic  matter 
or  of  iron.  In  general,  the  former  imparts  a  gray  or  black  and  the  latter 
a  buff  or  red  color. 

The  color  of  a  burned  clay  to  a  large  extent  depends  on  the  proportion 
of  iron  and  the  state  of  its  oxidization.  Its  presence  makes  the  result- 
ing product  buff-brown  or  red.  The  more  iron  the  clay  contains,  the 
deeper  the  red  color.  A  quantity  of  iron  as  small  as  1  per  cent  may 
impart  a  slight,  yellowish  tint.  Clay  wliich  hcai'S  practically  no  iron 
bums  white.  In  many  eases  the  oxides  of  other  metals  are  present  and 
these  often  modulate  the  eilect  of  the  iron.  The  intensity  of  the  color 
depends  also  on  the  temperature  and  the  supply  of  air  entering  tlie  kiln; 
in  some  cases  it  i«  possible  to  virv  it  from  pink  to  reddi=ih  violet  by  chang- 
mg  these  condition*!  and  mfluencmg  the  degree  of  oxidization  Sometime? 
these  means  are  used  to  produce  a  standaid  oi  vaned  sliade  in  wares 
In  terra  cotta  especially,  a  certain  pei(,entage  of  iron  is  sought  to  give 
the  finished  product  a  definite  and  desired  color  A.  certain  manufac 
ture  is  often  known  bv  the  particular  shade  ot  tl  e  ftn^lied  product 
Titanium  "  renders  clay  yellow  on  burning  This  ii  MSibie  only  when 
the  material  has  a  very  low  peicentage  f  iron  when  more  iran  I'm 
present  the  yellow  is  entirely  obscuied 

Below  aie  givtn  some  physical  properties  of  Philippine  tlaye  mdud 
ing  the  plabticity  brtakmg  or  tensile  etiengtl  the  shrinkage  trom  the 
plastic  tmdition  m  the  air  and  with  hnmin^   and  coloi 

''Attention  in  dlretted  t(  the  tact  of  the  ucuil  o  cu  renee  of  titanic  oxide  iii 
Phihppine  oUv  (wee  Table  I)  Iti  determination  hua  not  been  carried  out  m 
e*erv  ease  but  not  a  single  i  nalVBia  ha^  1  een  made  where  it  was  not  present  j.n  1 
it  usually  occurs  to  the  extent  of  trom  0  4  tt  1  ■(  per  cent 

I  ha%e  recently  been  inteiested  m  the  titaniteroiia  samlB  f  tl  est  Inlands  anl 
find  them  of  almost  uniierial  occurrence  The  commonest  titaniteroua  minerals 
m  these  are  ilmenite  nnd  mtile  These  minerals  occur  onI>  in  araail  quantities  in 
the  rocks  from  which  the  -^ands  are  derived  for  the  sands  represent  lai^  con 
(-entration  however  their  uniiersal  distribution  clearly  indicates  that  tbey  are 
the  probable  source  of  the  titanium  in  clay 
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5  VI, — /'kyipxl iirojirrlii-»  i>/  PhUipyiiie  flayr. 
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. clo_____ 

High 

■2,0 

Very     pale     reddish 
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Violaceous  pale  gray.' 
Uray  lilac.' 
Pale  gray  lilac." 
Reddish  gray  lilae. 

2«.5i  ISl  :  Medium ___ 

:  180     High 

24,fl|    78     Mediiim___ 

alum. 

10.0 

1,8 
9,8 

24.4 
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Light  b™wn____ 

It  is  realized  ihat  the  field  for  the  ceramic  industries  is  very  large  and 
that  the  contribution  of  the  data  wliich  I  have  collected  is  of  small  sig- 
nificance, but  since  all  information  regarding  Philippine  clays  is  meager, 
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these  analyses  may  be  of  service  in  indicating  tlie  quality  and  the  extent  of 
the  distribution. 

McCaskey  *'  in  diecuBsing  the  occurrence  of  clay  in  the  Philippine 
Islands  says : 

White  clays,  or  kaolin,  have  been  found  in  the  Provinces  of  Abra,  Camarines, 
Ilocoa  Norte,  Antique,  Benguet,  Cagayan,  laabela,  Laguna,  Marinduque,  Masbat«, 
Pampanga,  Pangasinan,  Albny,  Romblon,  and  Zauibalea. 

Red  clays,  from  wliich  natives  make  large  amounts  of  pottery  for  local  iL»<e. 
ure  found  in  almost  every  province  in  the  Islands. 

Fire  clay  baa  been  found  in  the  coal  beds  and  may  afford  a  profitable  industry 
in  the  future. 

Red  bricks  are  made  in  ]arge  quantities  in  Bulacan,  Capjz,  Rjzal,  IIocoh  Norte, 
Isabela,  Marinduque,  Masbate,  and  Painpanga. 

Not  much  information  is  available  regarding  the  magnitude  of  these 
deposits  in  Luzon;  but  the  geologists  report  some  of  them  to  be  large. 
Ickis"'  says; 

In  the  Pajo  Arroyo  about  3  miles  west  of  Lob  Bafos  and  li  miles  from  the 
lake  occurs  a  deposit  of  white  clay  which  at  present  is  being  mined,  sacked,  and 
carried  on  the  backs  of  natives  to  the  Los  Baflos  road;  thence  it  is  carted  to  Los 
BbBos  and  shipped  to  Manila.  All  of  the  clay  contains  brown,  iron-stained  streaks, 
but  below  the  first  2  feel  the  percentage  of  iron-stained  material  is  very  small. 
For  a  depth  of  2  feet  the  clay  contains  some  organic  matter,  besides  a  consid- 
erable percentage  of  iron,  and  is  very  plastic.  The  firm,  white  clay  below  varies 
greatly  as  regards  plasticity.  Most  of  the  material  exposed  in  the  various  holes 
possesses  this  valuable  quality  to  a  limited  extent  only,  but  one  pit  on  the  nest 
side  of  the  arroyo  furnishes  a  pure,  white  clay  highly  prized  by  the  workmen, 
which  is  much  more  plastic.  Sample  number  10,  taken  from  the  largest  pit  on 
the  east  side  of  the  arroyo,  represents  the  first  class  while  number  T  is  n  sample 
of  the  more  plastic  clay." 

It  was  impossible  for  me  to  determine  the  extent  of  this  bed  of  clay,  owing 
partly  to  the  limited  time  at  my  disposal  and  partly  to  want  of  eipoaures  or 
extensive  development  work,  but  from  surface  indications  the  deposit  seems  to  be 

A  study  of  Table  III  plainly  shows  that  if  deposits  of  sufficient 
magnitude  warrant  the  establishment  of  porcelain  factories,  these  kaolins 
can  be  recomposed  by  judiciously  selecting  and  combining  the  clays  with 
other  materials  to  give  the  desired  results.  For  example,  if  70  per  cent 
of  specimen  number  2,  20  per  cent  of  feldspar  (K,0-Al,0j-6Si0j) 
and  10  per  cent  of  flint  (SiOj)  were  to  be  mixed  together,  and  the  result 
calculated,  which  would  be  obtained  after  the  expulsion  of  the  water  and 
other  material  lost  on  ignition,  we  would  obtain  the  following  compo- 
sition : 


'^Fiflh  Annual  Report  of  the  Mining  Bureau,  Manila  (1904),  35. 
"Sixth  Annual  Report  of  the  Mining  Bureau,  Manila  (1905),  .58. 
=•  The  analyses  are  given  under  the  same  numbers  in  Table  I. 
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which  is  almost  i<lentical  with  that  of  Meiesen  porcelain,  given  by  Binns  '* 
Hs  follows: 


Tlie  coDiiaon  clays  of  Luzon  are  already  used  in  several  places  in 
the  manufacture  of  brick  and  crude  pottery.  For  example,  the  brick- 
kilns at  Mandaloyon  and  the  one  near  San  Pedro  Macati,  on  the 
Paeig  Rii'er  near  Santa  Ana,  each  of  which  employs  from  ten  to  twenty 
laliorera,  turn  out  from  one  to  tliree  tliousand  bricks  a  day  per  kiln. 
Sample  number  :13,  Table  T,  is  an  analysis  o(  the  clay  used  in  Mandaloyon. 
No  sand  is  added  to  it  before  molding,  but  the  whole  bank  is  broken  down, 
mixed  by  tlie  tread  of  earabaos,  and  used  for  the  bricks.  This  makes 
the  composition  slightly  different  from  the  analysis  given,  but  tests  of 
the  shrinkage  and  tensile  strength  show  that  its  physical  properties 
remain  ahnost  unchanged. 

At  present  there  is  no  fine  pottery  being  made  on  this  island.  There 
is  a  factory  near  Manila  which  manufactures  plates,  cups,  saucers,  bowls, 
etc.,  and  for  these  about  80  tons  of  the  good  Laguna  kaolin  are  need 
every  year. 

The  kaolin  from  Oalamba  employed  in  this  pottery  ia  too  plastic 
when  used  alone,  so  it  is  recompope<l  by  mixing  with  two  varieties  from 
Bulacan  and  Iloeos  Norte  Trovinees,  respectively.  Experiments  are  now 
being  made  with  Mariquina  clay.  The  quartz  used  is  picked  from  the 
gravel  which  is  being  dredged  from  tlie  Pasig  River  near  by ;  the  aabestoa 
which  is  placed  in  a  layer  l)etween  the  plates  in  burning  is  from  Zambales 
Province.  It  is  of  very  poor  quality,  probably  a  inuch  better  variety  may 
be  obtained  from  Iloeos  Norte."  The  ware  ia  dipped  once  for  the 
siliceous  glaze  before  it  is  burned.  The  breakage  is  small,  not  exceeding 
3  or  3  per  cent  during  the  molding,  drying,  etc.,  and  4  or  5  per  cent 
during  the  burning.  Some  of  the  ware  is  decorated  in  simple  designs. 
It  is  difficult  to  describe  the  final  product,  which  is  quite  similar  to  the 
English  Dolton  ware.  This  eatablishment  employs  eight  men  and  the 
output  is  about  5,000  pieces  per  month.  Formerly  this  ware  had  a  large 
sale  in  Manila,  but  now  is  sold  mostly  in  the  provinces.  There  are  two 
men  still  engaged  in  bringing  kaolin  from  Laguna  Province  to  the  Manila 
market.  The  two  sources  are  near  Calamba  and  Los  Baiios  from  which 
are  brought  about  75  or  100  tona  per  year,  respectively,  it  sells  at 
wholesale  in  Manila  for  from  T23  ($11.50,  United  States  currency)  to 
¥■32  ($16,  United  States  currency)  per  ton.  It  is  usually  bought  in 
10-pound  balls  and  finds  its  principal  purchasers  among  the  Chinese  of 
Binondo,  who  make  of  it  a  sort  of  whitewash.  The  retaH  price  varies 
with  the  supply  from  25  centavos  (12^  cents.  United  States  currency) 

"Ceramic  Technology,  London   (1807),  19. 

«  Smith,  W.  D.t  ThU  Jownal,  Hec.  A,  Gen.  S«.   (1007),  2,  145. 
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p.  ball  in  the  dry  season  to  40  centavos  (30  cents.  United  States  tiurrency) 
during  the  rams  the  higher  price  being  due  t  >  the  iiffirultiei  entounterel 
m  transporting  the  cla\  to  maiket  These  nia>  be  judged  from  in 
account  ot  the  woikm^  of  Calamba  f!a^  given  bv  Senor  de  la  Rosa  He 
8av8  that  the  clay  la  dug  and  earned  in  the  backs  af  natives  about  ™  or  R 
kilometers  to  the  laiiio  of  Bucal  where  the  wimen  make  it  into  balls 
A\hen  500  to  1  000  of  theie  are  ready  thej  are  loaded  into  ban  as  and 
taken  about  4  jr  5  kilometei'i  to  Calamba  where  thej  are  transfeiied  to 
A  tasco  rad  brought  unler  tow  to  Manda 

The  lepth  of  the  kaolin  at  falamba  hat  mt  been  investigated  for 
after  digging  down  aliout  3  meters  it  becomes  too  hct^'  to  allow  further 
fenetration  and  then  the  washing  of  tie  ram  fi!!s  up  the  hole  The 
fuperficial  evposure  is  ibout  a  hectare  Tl  is  1  aolin  has  teen  uaed  to 
some  extent  as  i  tire  clay  for  example  to  repair  the  bncl  kiln  at  San 
ledro  Macati  and  the  furnace  of  the  glass  fattorj  &enor  Var  ena  at 
the  school  in  bampaloc  has  n  ade  some  fire  bricks  and  ciucibles  of  good 
appearance  from  this  clay 

Ab  the  puce  of  buiUng  materiUs  cf  all  kinds  is  \erv  high  and  shows 
little  hign  of  lecreaemg  the  demand  for  clay  pioducts  of  this  nature  is 
suie  to  luciease  Man^  which  are  now  in  use  can  be  repUced  entirely  b> 
manutacturee  lr>in  local  cla^s  if  their  j  reparation  is  taken  up  and  placed 
upon  a  commercial  basis  The  tests  of  clays  heie  leported  should  iid  in 
the  selection  of  suitable  localities  and  in  the  hndmg  of  propel  inateiial 
loi  the  development  of  these  industries 


In  cairjing  out  a  stiies  of  expei iments  to  asceitain  tlie  cause  of  the 
abnormal  amounts  of  radioactue  emanations  contained  in  tlie  air  of 
cellars  and  caves  it  was  denionstiated  b\  Elstei  and  Gcitel  '  that  such 
emanations  were  not  ot  spont»ntous  origin  hut  rather  came  from  the  soil 
and  claj  They  proved  °*  that  the  air  removed  b>  simple  suction  from 
the  soil  was  charged  with  active  emanation  and  that  its  activity  ac- 
tually exceeded  that  of  the  air  of  cellars  and  caies  This  activity  is 
either  a  universal  property  ot  the  an  ot  the  ground  independent  ot 
the  nature  of  the  soil  or  it  is  the  lesult  of  a  ceitain  amount  of 
primanly  ictue  substance  contained  m  the  matciial  ol  the  soil  itself 
rister  and  Geitel  have  shown  the  latter  assumption  to  be  the  onl}  tenable 
theoiy  Thej  found'"  that  cla\  dug  Irom  their  gaidpn  introduced  into 
their  appiratuB,  after  three  da>s  had  leached  a  constant  maximum  value 
ot   about  three  times  the  normal      Ihej    considerel  that  most  of  the 

"  The  Los  Bafios  springs  are  thermal. 

"Ckem.  Nevis  (1903),  88,  21». 

"Phj/s.  Ztsohr.   (1902),  3,  574, 

"Ibid.  {1903),  4,  522;  Cliem.  News.   (1903),  88,  30. 
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conductivity  observed  in  the  gas  was  due  to  a  radioactive  emanation 
which  diffused  from  the  clay  into  the  air  in  the  vessel.     They '"  say : 

It  did  not  matter  in  this  e^cperimeiit  whether  the  earth  was  in  the  moiat 
condition  in  which  it  wan  removed,  or  whether  it  waa  introduced  underneath 
the  bell-glasB  after  protracted  drying;  after  the  lupse  of  eiRht  montha  no  decreftse 
of  activity  wan  apparent  in  the  material. 

In  another  experiment  several  substances  were  placed  one-half  meter 
in  the  earth,  after  four  weeks  they  weve  dug  up  and  the  potter's  clay, 
which  in  the  beginning  was  inactive,  was  unmistakably  active.  The 
other  substances  used  were  still  inactive.  This  shows  that  clays  also 
have  induced  activity,  Elster  and  Geitel  found  at  diiferent  places  con- 
siderable difference  in  the  radioactivity  of  clays,  it  being  invariably  less 

The  conductivity  in  the  gas  above  the  clay  in  the  case  already  cited 
has  been  calculated  ^'  to  be  the  same  as  that  produced  by  the  emanation 
from  7. 10"'"  grams  of  radium.  Taking  the  density  of  clay  as  2,  this  cor- 
responds to  about  10""  grains  radium  per  gram  of  c!aj.  This  hae  been 
calculated  to  be  not  greatly  different  from  the  amount  of  radium  necea- 
saiy  in  the  earth  to  emit  sufficient  heat  to  compensate  for  the  loss  by 
conduction  and  radiation.  On  the  basis  of  this  Rutherford  '^  expresses 
it  as  hia  opinion  that  the  present  rate  of  loss  of  heat  of  the  earth  might 
have  continued  unchanged  for  Jong  periods  of  time. 

1  have  examined  several  different  specimens  of  the  clays  of  Luzon, 
namely,  numbers  8,  12,  39  and  ;i3,  by  means  of  the  leakage  apparatus 
and  all  efforts  failed  to  discover  a  trace  of  primary  radioactivity  in  the 
material.  The  apparatus  was  of  the  general  type  of  instrument  used 
by  Elster  and  Geitel,^'  Mache  and  Meyer,'*  Bacon''^  and  other  workers 
in  their  investigations  of  the  radioactivity  of  ordinary  materials.  (See 
PI.  I.) 

Three  methods  of  determination  wei'e  used  in  each  ease.  One  por- 
tion of  the  clay  amounting  to  10  grams  was  put  immediately  in  the 
measuring  chamber  and  the  fall  of  the  charged  gold  leaf  observed  for  a 
period  of  hours;  another  was  digested  with  acid  in  an  Ehrlenmeycr 
fiask,  for  some  time  tightly  stoppered  and  allowed  to  stand.  A  third 
portion  was  fused  with  sodium  carbonate,  slaked  in  water,  neutralized 
with  hydrochloric  acid  and  tightly  stoppered  in  an  Ehrlenmeyer  flask. 
After  one  month  these  Ehrlenmeyer  flasks  in  turn  were  coimected  in 
circuit  with  the  apparatus  and  air  was  sucked  through  the  solution  so 

"Oheni.  fiews   (1903),  88,  30. 

"Rutherford,  E.:  Radioactivity,  Cumbridge,  Eng.   (Ifl05),  507. 

"Ibid.,  498. 

»Pfcj/8.  Ztschr.   (1904),  5,  321. 

'*Monatsh.  f.  Okem.  (1905),  26,  59li. 

"  This  Journal  (180(1),  1,  4.35. 
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that  any  emanation  would  bt  drd»n  with  it  into  the  apparatus  In  aU 
cases  excepting  one  the  air  leak  waa  pertectly  noimal  foi  a  period  of 
hours  being  identical  with  that  produLcd  bj  the  natural  attnitj  of  the 
an  In  the  first  experiment  with  clai  number  32  the  tonductivit>  «as 
otserved  tf  he  nearly  double  for  a  penod  of  two  hours  when  the 
increase  fell  ana} 

The  apparatus  was  TOfticientlv  lensitne  ai  is  shown  by  test  experi 
ments  with  a  sample  of  bhek  uranium  oxide  (Kahlbaum)  ind  one  of 
pitihhiende  fiom  Joachimthal  whicli  contained  36  pei  cent  ot  uianium 
One  gram  of  the  oxide  was  in  turn  unifonnh  spread  oiei  the  bottom 
of  platinum  containere  of  vaiiouR  si7,e8  fioin  a  platinum  crucible  the 
bottom  of  «hicli  la  2  centimetera  in  diainet«i  to  a  dish  4  '>  centimeters 
in  diametei  and  put  immediately  m  the  electi oscojic  jar  The  rate  of 
fall  in  these  was  from  80  to  107  scale  Onisions  iK,r  minute  4,S00  to 
d  4;30  per  hour  depending  on  the  thinnehs  of  the  layer  of  powdei 
Similarly,  the  rate  of  fall  for  one  gram  of  the  pitchblende  mailed  fioni 
100  to  303  scale  dnisione  per  minute  S  000  to  li  180  per  hour  depend 
mg  on  the  spreading  The  largei  of  these  rates  m  ea(h  case  is  about 
the  same  aa  that  obttincd  bv  Bacon'*  \\\o  used  a  liih  of  4  or  "j  centi 
meters  diimeter  as  the  container  m  his  expenmcnts 

These  numbci-s  are  not  necessarih  the  maximum  \alue  becauae  of  the 
unavoidable  absorption  of  the  emanation  at  the  surface  of  the  powder 
but  with  leasonably  laige  spreading  surface  md  working  under  constant 
conditions  the  results  are  loughlv  comparable  Ihe  greatest  actiTit\  ot 
pitchblende  yet  obeened  is  about  fiie  oi  six  times  that  of  uranium  and 
when  they  aie  considered  with  reteren<e  to  the  uranium  content  ap 
proximately  that  is  the  relation  which  exists  between  the  above  samples 
B^  dissohmg  a  mineral  and  then  setting  it  aside  m  a  closed  lessel  the 
amount  of  emanation  piesent  reaches  a  maximum  value  ^fter  a  month  t' 
interval  This  was  done  with  a  gram  ot  tl  e  pitchblende  the  emanation 
being  drawn  into  the  apparatus  by  sucking  air  through  the  aolution  and 
a  rate  of  fall  of  biO  scale  dixisions  or  '18  400  per  hour  was  obtained  as 
the  iveiage  of  eight  closely  agreeing  readings  under  different  chargmgs. 
The  apparatus  tlierefore  was  so  sensitive  that  this  pitchblende  gave  a 
rate  of  fall  of  the  gold  leaf  more  than  12  00<f  times  as  fast  as  that 
produced  by  the  leakage  through  normal  air 

Prom  the  work  of  Elster  and  Oeitel  the  conclusion  mav  be  drawn  that 
no  primary  radioactivity  can  he  present  in  the  ibove  samjdea  of  Philip- 
pine clays,  since  they  suffered  no  diminution  m  eight  months  If  our 
clays  contained  primary  radioactive  bodies  this  effect  would  have  been 
noted  since  the  samples  were  all  investigated  in  less  than  eight  months 
from  the  time  they  were  taken.     An  extremely  fmall  amount  of  induced 

='  Ibid,  (len.  Sci.,  Sec.  A   (1007),  2,  124. 
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radioactivity  was  observed  in  clay  nunibei'  32,  while  a  certain  amount 
might  have  been  lost  from  the  other  samples  dui-ing  the  time  inter- 
vening between  the  taking  of  the  sample  and  its  examination  in  the 
laboratory.  However,  it  seems  more  probable  that  there  may  be  prac- 
tically no  radioactive  bodies  in  these  Islanils,  for  two  reasons,  fii-st, 
according  to  Elster  and  Geitel,  very  little  radioactivity  exists  near 
the  sea  and,  second,  matter  dissociates  under  the  influence  of  radiant 
energy.  The  tropical  sunlight  affords  opportunity  for  the  maximum 
effect  of  the  latter.  Le  Eon™'  i^alls  attention  to  the  fact  that  radiant 
energy  falling  upon  matter  causes  it  to  dissociate,  and  if  it  is  of  suffi- 
cient intensity  to  heat  the  substance  it  also  causes  an  expulsion  of  a 
small  quantity  of  the  radioactive  elements  produced  by  the  dissociation. 
The  action  of  the  intense  tropical  sunlight  for  centuries  on  the  various 
deposits  occurring  here  may  be  accountable  for  the  almost  entire  absence 
of  radioactivity  in  these  Islands.  In  support  of  this  suggestion  attention 
is  called  to  the  work  of  Ramsay  and  Spencer "'  where  the  "fatigue  of 
metals,"  a  perhaps  comparable  ]ihenomenon,  is  produced  by  the  action 
of  intense  light.  It  should  also  be  remembered  that  Bacon""  found  . 
no  radioactivity  in  the  watei-s  of  the  crater  lakes  of  Taal  Volcano. 

"Compt.  Rend.  Acad.  d.  sc.  |1»06),  143,  047. 

" PhilOBophical  Mag.  (1900),  12,  402. 

"  This  Journal,  Gen.  Sei.,  Hec.  A  (1007),  2.  115. 


Hosted  by  Google 


Hosted  by 


Google 


ILLUSTRATIONS. 


Plate  1.  Lt'ukuge  iippHiatus   used   in   examining  several   ditfeieiit   epei^inietiB   of 
the  elaj3  of  Luzon  (Cf.p.433). 

Fi((.   1    (in  text).  Section  sliowing  the  eliaracteristic  breaking  down  in  tlie  forma- 
tion of  residuary  rlay  depo*it«. 
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COMMERCIAL  UTILIZATION  OF  SOME  PHILIPPINE  OIL- 
BEARING  SEEDS:  PRELIMINARY  PAPER. 


By  (Jeokge  F.  Richmond  and  irAHiANO  Vivencio  del  Robabio. 
[From  Ike  Chemwal  Division,  Bureau  of  Science,  Manila,  I'.  I.) 


INTRODUCTION. 

The  coconut  is  the  best  known  and  most  widely  distributed  oil  pro 
ducing  seed  of  all  tropical  or  seniitropical  courtnes  and  it  19  the  only 
representative  of  its  class  that  has  aflsumed  any  conimeicial  im|)oitan(L 
in  the  Philippines.  Ho«e\er  a  nnniliei  of  wild  01  Benucultnated  plants 
are  found  here  which  help  to  meet  tliL  locil  dtmaiid  for  vegetable  oils 
in  the  various  uses  to  whidi  oils  aie  uiualh  applied  Man\  of  these 
oil  eeeda  and  nuts,  or  the  oils  which  maj  be  extracted  therefrom  probabl> 
would  find  a  ready  market  for  use  m  some  form  if  thev  were  produied 
in  conimereial  quantitiei  and  the  uses  for  which  they  are  best  suited 
determined;  therefore,  it  appeared  well  vortli  the  trouble  to  examine 
a  number  of  the  local  products  and  to  begin  extended  investigations 
on  the  best  methods  of  their  (ommeicial  utilization  As  a  careful  study 
of  the  properties  of  oils  which  are  to  compete  with  those  already  m  use 
is  necessary,  such  a  work  ob\iou«h  must  be  one  which  will  occup)  a 
fairly  long  period  of  time  flii"  papei  will  giVL  a  few  prehninar> 
observations  which  later  will  be  extended 

The  local  use  of  a  gnen  commodit\  ii  not  always  that  for  which  it 
is  best  adapted.  In  the  case  of  fatt\  oil''  questions  of  e\pedienc) 
rather  than  suitability  u'5uall\  govern  their  local  appln,ation  Man) 
vegetable  oils  and  fats  are  employed  as  food  and  for  illumination  when 
it  is  evident  that  they  are  much  better  suited  for  otlier  purposes; 
furthermore,  the. valuable  therapeutic  properties  claimed  for  certain  of 
these  produc-ts  remains  to  be  detennined. 

VEGETABLE  OiljS. 


The  following  classification  of  oils,  based  on  their  leading  practical 
ises,  is  adopted  from  C.  R.  Alder  Wright.^  The  first  and  most  important 
^  alimentaj,  including  the  expression  or  extraction  of  cooking  fats  and 
lils,  the  addition  of  oils  as  food  preservatives,  and  the  manufacture  of 

'Fixed  Oils,  Fats,  Butters  and  Waxes,  Lond.   |1903),  359. 
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fdiUle  produots  Foniieil)',  and  more  partiuularly  in  temperate  eliiJiati;s, 
aiumal  fats  and  oiU  sitth  is  laid  -^let  butter  fat,  etc.,  were  almost 
(.\clufinely  employed  but  -nithin  compat ativcly  recent  times  vegetable  oils 
and  fats  have  come  into  more  general  use  for  the  above  purposes.  In 
some  cases  a  taete  foi  the  new  products  must  be  created  before  they  are 
generally  adopted  but  there  seems  to  be  no  question  as  to  the  ease  with 
which  thev  are  digested  oi  ai  to  their  lelative  nutrient  value. 

The  second  use  ot  OJif  i=!  for  ill  mimation ;  that  is,  for  burning  in  lamps 
iiid  for  tandle  makin^  Excepting  m  remote  places  where  petroleum 
pioducta  are  excluded  beciuse  of  their  gieater  cost,  the  introduction  of 
i)>drocarbon  oilb  foi  jllummation  and  fuel  has  practically  superseded 
the  use  of  thniie  fiom  vegetable  or  animal  fats.  According  to  Tavera- 
a  great  ^anetj  of  \egetable  oils  is  used  throughout  India  and  the  Phil- 
ippines for  lighting  purposes,  and  the  latter  observation  may  be  con- 
firmed hi  anyone  tia^elmg  in  the  pro\inces  of  the  Philippines. 

Tl  e  third  great  application  of  oils  is  for  soap  manufacture.  Most 
vegetable  oils  aie  well  adapted  to  this  pui-pose  and  have  long  been 
employed  m  the  soap  industrj  Those  most  largely  used  are  palm-nut, 
to(onut   oliie   cotton  seed,  linseed  and  castor  oils. 

The  fourth  u=e  la  foi  the  manufacture  of  paints,  varnislies,  linoleum, 
printeis'  inks  etc  and  foi  this  puiposc  llupeed,  certain  nut  oils,  and 
Chinese  wood  ol  (tung  oil)  are  employed. 

Fifthl)  there  aie  miscellaneims  applications  in  the  arts  and  trades, 
these  include  lubricants  leather  cloth  and  textile  dressings,  employment 
in  textile  dyeing  and  m  making  printing  inks,  in  the  manufacture  of 
perfumeH   sealing  wix    fly  paper  and  other  minor  articles. 

A  partial  list  of  Philippiiif  oil  xe^la.' 


[^-- 


me,                          English  nnme.  Loent  iii 

laWUld.  ..._  CalMilenut !  Lumbang  or  lumbal 


iriejienno  Blanco '  LiiiobgnghftQucalag  (T.l- 

2,  Colopliyllum  inophytlum  L. ralomariadelaplaya  |Sp.|;  fflnlta- 

lan  |T.);biUog(V.). 

ifnllirliian'im    PI.  1 ,  Palo  warla  del  mopte  (Sp,|;  bitan- 

<!tTr.  '■  hoKT.). 

3.  (.Yiba  penlatHlni  (L|  GBfr[n..__l  Tree  mtloti Kapok  (D.);bobos- (T.);doldol  ,V,|. 

I.  Enittda  scandait  (i,|  6eiith.___|  Gills  mils Gogo  (T.);  balogo  (P.  aud  V.). 

S.  PongamlasfiabraVent. BaUk-baltt  (T.|;  bHK«.(V,), 

H.  Anacanliiim  oreldealali- L t  ("jtehi'iv  nnt Ka5My(T.). 

1.  Caaahiiaia    bundiicflla     (L.)      Fever    nut;    bondnc     KalimiblbU  |T.);  dalngdug  (V.i. 

Fleni,  swr3s(Indo-E]ig,l. 

1.  Jalmpha  nmw  I, Phj-8ii;nut;ouroiis.iil     Tuba  (T.);  kiisla  (V.);  taiiJainWrtS- 


'Medicinal  Plants  of  the  Pliilippinea,  Maiiilti  (1801). 
■T.=Tagalog;   Sp.=Spanish;   V.=Vi8ajan;   P.=Paifipaiiga; 
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IIESCKIPTIO.V    AND   LOt'AL    USES. 

ilcur  Ifi  ,  olacri  ,,  Ilii>  i*  1  oilh  km  vMi  iis  / 1  b  1 1  r  <  i  I  ii  ib<i  g  halo  in 
lagaloK  niminiun  stoiij  fruit  ntxl  It  la  iilentiial  witli  the  I'liglisli  cftiiik  iiiit  A 
very  coiiimon  large  tree  ciiltnated  thumgliout  most  of  tlie  Anhi[)«lH^  but  niwre 
eapeaativ  iii  T^^j^na  (aMte  la^alms  nnd  Batfttij.'as  Pioviiii-es  It  ih  found 
acatteied  in  the  Provinces  of  Pampanga  and  Tarlac  but  is  unknown  in  Bataan 
and  ^amlHiIe"  The  supply  of  tins  nut  is  itreater  tlian  the  pri><ent  demand  and 
frequentl>  the  tites  are  cut  foi  firewood  winch  betause  of  its  lesinuus  qualitj 
IS  highly  prized  The  wood  is  also  nmiketeit  in  }^Tanila  for  match  timber  The 
tree  bears  a  large  fleshy  fruit  containing  two  \eiy  hard -ihel led  speds  which 
resemble  a  fairly  large  hickory  nut  in  size  and  appearance 

Dt$tnbuUOH '  Lier^uhere  in  Oceanica  and  the  '•andwich  Islands  and  al^o 
cultivated  in  India  South  Ameri<A  \^  est  Indies  eti  In  the  Sand^vich  Islands 
the  manufaeture  of  cjin  lie  nut  oi!  i«  a  considerable  branch  of  industry  about 
10  000  barrels  being  annusllj  exported  1 1  Peru  \  alparaiso  Me\ico  California  and 
New  lork  The  seed  fields  from  60  to  65  per  cent  of  oil  by  extraction  with 
carbon  bisulphide  ether  or  chlorof  rm  and  about  5')  per  cent  bj  hydraulic 
eipiession  at  600  kilos  per  squaie  centimeter 

Semtei  describes  the  candle  nut  as  follows 
\  product  of  ilcinxtes  imlvccaiw  a  tiee  which  like  the  cioton  tiee  belongs 
to  the  family  Lvphorbiaeeie  Formerly  the  AleuTttes  titlobn  was  understood  to 
be  a  distinct  species  because  of  its  three  lobed  leaves  but  all  transitions  from 
not  lobed  to  lobed  leaves  are  found  on  the  same  tree  Habttat  It  stretches 
from  the  Suutli  Sea  islands  o\er  the  Malaj  Archipelago  over  India  and  Mada 
gascar  It  appears  to  lue  in  heavy  wtanda  in  the  forests  It  is  abundant  at 
800  meters  (26')0  feet)  but  disappears  at  1  200  meters  elevation  Its  roundish 
fruits  are  aliout  the  size  of  a  small  apple  and  are  contained  in  a  thick  fleshy 
stale  (ontaininj;  one  or  twc  liard  seeds  about  the  size  of  a  horse  thestnut  The 
fruit  in  its  rough  state  is  a  purge  When  it  is  roasted  it  loses  its  purging 
properties  Contains  60  to  GG  per  cent  oil  nhen  cold  pressed  the  oil  is 
colorless  and  of  agreeable  odor  and  taste  When  hot  pressed  it  is  brown  and 
»f  a  disagreeable  taste      It  has  for  a  long  time  been  known  as  a  drying  oil 

The  natives  of  the  South  Sea  islands  roast  the  fruit  out  of  the  shell  The 
oil  IS  used  for  lights  and  for  painting  The  pressed  Lake  is  mixed  with  water 
and  put  around  trees  to  drne  awa>  insects 

Phihppini  candle  nut — One  kilo  ot  whole  iiutt.  from  Cavite  Province 
itntameA  660  graniB  of  shell  and  3-iO  grams  of  ktmels  or  lit>  and  34 
per  cent  ot  shell  and  1  emel  lespectneh 

One  kilo  of  whole  nuts  cruslied  and  ground  m  an  oil  mill  and  cold 
pjessed  Melde<l  IT")  7  grams  of  light  cleai  oil  whieh  equals  17  57  per  cent 
(ulculated  on  tlie  gioss  weight  of  kernels  and  sliella  Calculated  on  the 
kimeh  alone  the  ^lelA  is  5J  fi7  per  tent  Ihe  physical  and  themical 
constants  of  lumbang  oil  are  gi^en  m  Table  II 

B\  far  the  most  general  local  use  made  of  lumbang  oil  is  for  painting 
hantas  (canoes)  and  for  treating  timber  intended  for  use  in  the  water, 

•Brant,  W.  T.:  Animal  and  Vegetable  Fats  and  Oils,  Phil.   (1S96|,  2,   1. 
•Trap.  Agr.  (1003),  2,  SIT. 
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as  it  is  thouglit  to  jjiUML'rvt'  siitli  tiiubei'  from  tliy  attafkR  of  ineects  in 
aildition  to  possessing  decide*]  drying  properties.  Practically  all  of  the 
oil  thus  used  is  prepared  and  marketed  in  Manila.  There  are  only  a 
few  places  in  tlie  city  where  the  oil  is  being  expressed  and  the  presses 
used  are  of  the  crudest  description,  consisting  of  blocks  and  wedges. 
1  would  estimate  that  eacli  inill  produces  approximately  3U  gallons  of 
oil  per  month.  This  oil  is  sold  in  5-gailon  petroleum  cans  and  brings 
one  peso  ($0.50.  United  States  currency)  per  gallon. 

The  cold-pressed  oil  is  of  a  light,  amber  color  and  of  an  agreeable 
odor  and  taste,  but  we  do  not  know  that  it  is  used  as  food  anywhere  in  the 
Philippines,  although  it  is  reported  to  be  employed  in  the  adulteration 
of  coconut  and  olive  oils  here  and  elsewhere.  However,  this  may  readily 
be  detected  by  the  increased  specific  gravity  o£  the  sophisticated  oil,  if 
the  adulterant  is  added  to  any  appj-eciable  extent. 

Mr.  Walker,  of  this  laboratory,  has  worked  out  an  approximate  method 
for  detecting  its  presence  in  coconut  oil  by  the  decreased  solubility  of 
the  mixture  in  absolute  alcohol,  as  follows; 

Aleobul  uaed  =  0.M02.'>  specific  gravity  nt  15.5°  ('.=0.7938  specific  gravity  at 
36°  r.,  about  98  per  cent  by  volume. 

Take  10  cubic  ccntiiDct^rs  oil  und  30  cubic  ceiitiiiieterH  alcohol  in  a  large  test 
tube.  Shake  well  and  place  in  a  ivatei'  batli  at  about  00°  until  dissolved.  The 
niixture  should  be  stirred  rapidly  with  a  light  thermometer  to  pievent  globules 
nf  oil  from  settling  to  tlie  bottom.  Remove  from  batli  and  not«  the  temperature 
at  which  oil  begins  to  separate.  The  end  point  is  when  tlie  liquid  clouds 
BUfficientiy  ho  that  the  thernionieter  can  not  W  read  when  it  is  in  the  center 
of  the  tube. 


Tabi  b 


7'fk(   ftir   lumha,. 


nil   i. 


This  table  n'lves  i  n\\  ii  rough  up[)io\imati«n  of  the  |jeli-eiitage  of  adult prrftiou. 
A  very  pure,  fresh  coconut  oil  ma\  read  44°  C  or  highei  but  it  ma\  easily  be 
distinguislied  from  an  adulteiated  oil  b>  its  light  cuhn  pleasant  taste  and 
odor.  Another  sample  tf  lumbang  examined  lead  70°  (  iihich  indicates  that 
comparatively  large  lariations  from  this  table  niav  he  e\peited 
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Aletiritrx  trhi>crma. — Another  wpccios  of  candle  mit,  called  lumbang 
banucalag  in  Cavite  ami  baguihtinU<tni}  in  Tavalms,  iR  entirely  confined 
to  the  Philippines,  wliere  it  is  widely  distributed,  hut  not  bo  abundant 
as  tlie  first  variety.  'I'lie  tree  is  about  40  feet  high,  and  the  fruit 
matures  in  June  and  July.  Both  s|)ecie8  are  pvopapated  by  seed  or  by 
cuttings  and  are  of  very  rapid  growth,  'j'lio  oil  expressed  from  the 
Aleurites  trispenna  is  more  viscous  and  darker  colored  than  tliat  from 
Aleurites  moluecana.  Locally  it  is  used  principally  for  painting  boats. 
The  seeds  of  this  variety  of  candle  nut  are  comparatively  thin  shelled  and 
are  easily  cruehed. 

One  kilo  of  unt-lielled  nuts  produced  :!.".?  (iraius  of  sheila  and  643 
grams  of  kernels.  One  kilo  of  unshelled  nuts,  crushed  and  pressed, 
yielded  S'il.^iH  grams  of  oil  or  H'i.'i'i  per  cent  which  corresponds  to  a 
yield  ot  50.»  per  cent  calculated  on  the  kcmelp.  The  oil  dries  more 
rapidly  than  linseed  oil  or  the  hunbang  bato  jn-eviously  described,  and 
is  so  closely  allied  to  the  Cliiiieso  woo<i  oil  as  to  make  its  differentiation 
difficnlt. 

A  careful  study  of  the  drying  propel  ties  of  the  two  species  of  Alpiiritrs 
oils  found  in  the  Philippines  as  com)iared  with  Chinese  woiwl  or  tung 
oil  [Aleuriies  sp.)  and  linseeiJ  oil,  is  now  being  made  in  this  laboratory, 
(■onfiderable  confusion  and  .great  variation  in  the  reetirdert  constants  for 
the  Chinese  variety  of  Aleuritpx  exist  in  tlie  literature."  (.'ertain  observers 
name  two  varieties  of  trees  produi-ins  Chinese  wood  or  tiuig  oil  and  as 
this  oil  is  considei-ed  of  great  value  in  the  manufacture  of  varnishes  and 
linoleinii,  the  study  whicli  we  have  undertalien  for  the  establishment  of 
its  eimilaritv  or  identity  with  the  oils  furnished  by  the  local  species  is 
important.     The  i-esnlts  are  not  ready  for  publication. 


Specifle  gravity  «l  15=  C 
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Oalophyllum  moi/hgUuin  (Falo  iiiaiia)  ' — \  Iai^q  harilttood  tiec  l>e 
longing  to  the  family  OuHiftni  found  along  the  sea  shores  throughout 
the  tropics  of  hoth  litiiiiBphtres  In  tlic  I*liilii)i»ines  it  is  known  as 
palo  mana  de  ta  plai/a  to  distniguish  it  fnin  (  aiojhylltim  uaUidnaniini 
the  widely  distributed  forni  found  m  upland  forests  known  as  polo 
mana  del  monte  It  has  a  iLautiful  dark  (jieen  thick  hue  nerved  leaf 
4  to  'i  inches  long  from  whence  is  deiivcd  the  name  CalophyUum  or 
Silionblatt  Ihe  fiuit  ih  the  size  ot  a  walnut  with  a  fleshy  rim  contain 
mg  a  thmshellel  sei.d  whuh  imlosee  a  hard  oil^  kernel  Ihe  fruit 
of  the  mountain  tariet\  js  onl>  two-thirds  to  three  fourth b  the  aue  ot 
that  grcwing  near  the  seashore  Each  tree  \ields  several  hushels  of  nuts 
per  >ear  There  is  no  estabhshed  indo8tr\  althongh  m  sjme  localitie-* 
the  oil  IS  expiessed  and  used  for  li^rhts 

Oil  frim  tht  expiessed  seeds  of  Cafopln/Uuiii  tnopliyUun  is  callel 
domha  and  m  Indo  English  iinproperh  laurel  nut  oil  The  kernels 
on  extraction  ^leld  70  to  7j  per  cent  of  a  greenish  vello«  nl  Ihe  oil  is 
not  ger%  icalile  as  an  edible  fat  sinee  it  contains  a  ])oig(  nous  leain  to  «  hich 
thp  color  and  odor  are  due  On  the  other  hand  it  finds  application  as 
a  natural  remedy  in  skin  diseases  and  rheumatism  and  it  is  used  tor  that 
purpose  in  manv  districts  of  India  it  is  exported  m  considerable  amounts 
from  lra\ancore  particularly  from  Burmi  and  under  the  name  of 
udilool  it  has  been  exptrimentitcl  witl  m  iiiiopt  fors>nu  tune  m  the 
treatment  of  iheumatism 

Tie  heed     of  Caloph )llu      tiu]},U  i   fuin^t  tiee  t  tdely  distiibuted  in 

the  eastern  tropiLH  fiimish  an  oil  known  by  \arious  names  (dilo  domba  pinnav 
pnon  seed  or  tamanu  oil)  when  mixed  with  pigments  thi?  forms  a  paint  that 
dries  m  tielie  lours  without  any  previous  boiling  0\  ing  to  the  large  yield 
of  Oil  and  the  plenti full  ess  of  the  tiees  in  India  Ceilon  the  Malay  Archipelago 
and  Java  and  the  South  Paeilie  islands  etc  this  oil  appears  likeh  tn  be  an 
important  article  in  the  future 

Domba  oil  °  IS   ubtaii  ed   from   the   i  uta  of  C   lophyllu       t  to/ 1  yltt  It   is 

chiefly  used  as  ai  embrocation  fcr  rheumatism  and  for  illuminating  purpties 
Domba  oil  is  sold  in  B  irma  at  four  times  the  (Calcutta  price  of  castor  oil  which  it 
resembles  G  tenjei  "  has  made  a  tbemital  examination  f  the  oil  fron 
CalophyHua  nophyUun  He  desctibes  it  as  greenisli  jellow  in  coloi  of  i  bitter 
pungent  taste  soluble  in  all  pioportio 
absolute  alcohol      Ihe  following  values 

Rpeeilic  gravity  at  15"  C.  0.942 

Reiehert  Meissel   numbtir  .13 

Acid  value  28.45 

Saponification  value  I9(> 

Iodine  value  92.8 

'Tavera:  Medicinal  Plants  of  the  Philippines,  Manila   (1901),  38. 
'Alder  Wright,  C.  R.:   FIsed  oils,  fats,  butters  and  waxes   (1903),  348. 
'J.Soc.  Ohem.  Ind.  (1001),  20,  e24. 
'■•  Okem.  Ztschr.  |1»05),29,  15. 
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By  treatiiif;  witli  caiistie  mida  the  oil  yields  a  greenish  renin  of  aemiliquid 
eonsisteney,  soluble  in  aleohol.  Tlie  fntty  nddn  eoiisiat  nmiiily  of  palmitic,  oleic 
and  stearic.     It  is  stated  that  the  oil  is  also  used  in  the  inauufaeture  of  soap. 

Ceiba  peniandm  {l-a}iol:.) — 'I'lie  cotton  tret>  wliich  furnislies  tlie  fiber 
used  commei-cially  for  iiptiolsterinfi,  under  the  Malayan  najne  "kapok," 
is  exceedingly  (.-(niinion  in  cultivntion  along  the  Jiigliways,  in  all  parts 
of  the  Pliilip]iine  Islands.  It  is  a  somewJiat  tliorny  ti-ee  40  to  CO  feet 
high,  with  horizontal  hi-anches  in  whorls.  The  fruit  is  a  pod  4  to  G 
inches  long,  spindle  shaped  and  filled  with  black  seeds  embedded  in  fine, 
silky  hairs. 

Tt  is  disti-ibuted  thmughont  the  (nipics  of  the  world.  In  Java  a 
(.-onsiderable  industry  exists  in  the  products  of  this  tree.  The  seed 
hairs  are  used  for  pillows,  niattresse's,  sofas,  etc.,  where  their  lightness, 
softness,  elasticity  and  iuununity  from  nioths,  makes  thenn.  superior 
for  the  above-mentioned  purposes.  In  Manila  it  is  being  used  with  ex- 
cellent results  for  insulation. 

The  un decorticated  see<ls  by  extraction  with  ether  yield  25.3  per  cent 
of  bland  oil  of  a  yellowish  color  and  agreeable  taste,  and  20  per  cent  hy 
a  pressure  of  45(i  atmospheres  with  the  lalwi-atory  hydraulic  press. 
Undecoi-ticated,  ground  seeds  ai-c  too  difficult  to  pi-ess  and  the  yield  of 
oil  is  too  low  for  economical  milling. 

The  fertdi?ci  anaUsis  ot  extracted  kapok  sce<]  meal  wliich  is  given  in 
Table  III  compaics  veij  faiorab!>  with  the  average  composition  of  upland 
cotton  ''eed  meal  which  is  used  so  extensively  in  the  Soutliem  States 
of  Korth  America  Hxperiments  in  feeding  ground  kapok  seed  to  hogs, 
cattle  and  horses  at  the  experimental  station  of  the  Philippine  Bureau  of 
Agriculture  were  favorable  to  its  use  as  a  stock  food.  The  product  much 
resembles  ground  Imseed  m  food  value. 

The  recorded  plnsical  and  chemical  constants  of  kapok  oil  are  as 
follows   " 

S|ieciti<.  Kituitj  ftt  n"  (  O.flia? 

Saponification  ^nliie  IHI 

Iodine  lalue  117.0 


Anacardium  otcidentale- — This  plant  furnishes  the  cashew  nut  and 
is  verj  common  throughout  the  Archipelago,  having  been  introduced  from 
tropical  Amenca  The  nut  is  a  Urge,  yellow,  pear-shaped  fruit,  and 
contamt  a  brown  kidne>  shaped  seed  attached  to  one  end  of  the  fleshy 
part  Both  the  fruit  and  nut  are  edible,  the  latter,  when  roasted,  having 
a  very  agreeable  taste.  The  roasted  kernel  is  said  to  be  used  in  the 
adulteration  of  chocolate.     The  expressed  kernel  yields  a  sweet,  yellowish 

" LewkowitBPh,  -I.;  Oele,  t'ette  iind  Wachse,  Braiinnliweig   (190S),  2,  fli. 
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oil.     The  nuts  may  be  ohtained  in  quantities  in  nearly  all  Philippine 
market  places. 

Jatroplia  nmns. — A  shi-nbby  tree  8  to  iO  fe«t  high,  common  through- 
out the  Philippines,  having  been  introihiccd  from  Mexico ;  it  is  cultivated 
for  IiedgeB  in  the  towns  and  along  the  roadways.  Tlie  seeds  of  this  jtlant 
in  shape  and  size  are  similar  to  ii  largo,  gvoimil-iiut  kernel  and  yield  from 
30  to  40  per  cent  of  a  yellow  oil.  These  seeds  are  called  purging  or 
physic  nuts  by  the  Knglish  and  the  expressed  oil  is  the  well-known  cnrcas 
oil  of  commerce.  Accoiding  to  Tavera  "  the  oil  is  used  for  piii'posos  of 
illumination  in  some  parts  of  tJie  I'liilippines  and  is  exported  to  Riirope 
to  adulterate  soaps  and  candles, 

A  recent  examination  of  purging  nuts  from  Lag'>s  '■'  gave  the  follow- 
ing results : 

"The  kernels  constitute  (ill  pir  cent  o£  tlie  whole  weijjlit  of  the  seeds.  Extinc- 
tion with  ether  of  the  desiecated  seeds  yields  r>2  per  cent  of  a  yellow  oil  of  a 
faint,  peculiar  odor  and  a  hiand,  iiiittv  laste.  The  oil  fiiioishes  the  foMowiii;; 
constants ; " 

Hpecilie  jtravity  nt  l.i°  ( '.  0.01!) 

Free  acW  value  4.47 

Free  acid  calculated  a«  oleic  aeU\  2.2.> 

S»i>onifira»tioH  value  204 

rodine  valne  !Kl.l 

Ester  value  IOn,.i 

Keotial  oil  !)7,70 

Ciiicas  oil  has  been  examined  pievioiisly  by  several  observers  whose 
results  vary  within  limits  given  in  the  following  table: 

Specific  gravity  0.919-^I.1)2S 

Free  fatty  Hcidx  (calcuUvted  its  oh'T.-  aHd|. 


This  oi!  belongs  to  the  class  of  semidrying  oils.  It  is  employed  in  the 
manufacture  of  soaps  and  candles  and  also  as  an  ilhmiinant  and  lubricant, 
but  because  of  its  drying  properties  it  is  not  well  adapted  for  the  last- 
mentioned  purpose.  Tt  is  a  strong  purgative  and  in  India  it  is  used 
medieinaily. 

Physic  nuts  examined  in  the  laboratory  gave  45  per  cent  of  hulls 
and  55  per  cent  of  kernels,  the  latter  yielded  iiy  extraction  with  chloro- 
form 63.05  per  cent  of  oil,  which  corresponds  to  34.65  per  cent  calculated 
on  undecorticated  seeds.  Because  of  its  purgative  action  the  seed  cake 
left  after  expression  of  the  oil  would  be  unsuitable  as  a  cattle  food.  Its 
fertilizer  value  is  given  in  Table  Til. 

"Mejicinal  Plants  of  the  Philippines.  Manila  (1001).  21  ti, 
'"Bull.   Imp.   Inxt,    (l!lfl4),   2,    170. 
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Sesaiiium  hidirinii.—'Vhv  lilaok-soedtd  variety  Imp  lieen  grown  ae  a 
minor  crop  for  many  years  in  these  Iglandfi;  Hie  white-eeeded,  which 
)»voduces  a  finer  grade  of  oil,  is  found  only  wliere  it  was  introduced  by 
W.  S.  Lyons  '*  of  tlie  PJiilippiiie  Hiircaii  of  Agrieiiltm-e.  He  reports  very 
favorably  on  tlie  possibility  of  <'nltiiro  in  these  Tslands  of  this  important 
oil-liearing  seed. 

Hk-inm  roui iii unis  (I'astor-oil  plant). —A  wee<l  universally  distributed 
throughout  the  tropics  of  the  world  and  more  or  less  cultivated  in  tem- 
perate and  sul)teni])erate  regionw.  It  grows  in  waste  places  in  and  about 
towns  thioughout  the  I'liilipjuno-'  appaitnth  seed  pi oducing  throughout 
the  entire  year  This  jilanl  is  entirety  naturalized  and  grows  wild  in 
the  Islands,  although  jt  is  ociasioualli  lutivated  for  omamental  purposes. 
In  the  provinces  it  is  naed  luedicinallv  two  or  three  plants  frequently 
being  found  near  the  nipa  lioii=ef  of  the  poorer  tlassee.  It  is  not  culti- 
vated here  on  a  tomniertial  Kale  the  castor  oil  used  in  Manila  and  tiie 
larger  towns  a])partntl\  being  imported  from  !•  uropt  The  plant  thrives 
without  cultivation  in  poor  soils  and  is  one  of  the  commonest  and  moat 
widely  distributed  species  found  in  the  Philippines  having  been  iiitro- 
duce«l  by  wa*  of  the  Mala\an  legion  piobabh  long  before  the  Spanish 
i-onquest.     The  original  homi  ot  the  species  presumably  is  Africa. 

1  can  find  no  d'ita  legaidmg  the  metlioils  of  gathering  the  crop,  but  it 
is  presumed  that  the  capsules  are  puked  l)\  hand  fiom  time  to  time,  as 
the  see<ls  ripen  throughout  the  yeai 

The  following  iiot^s  are  abstiactcd  (oncerning  the  castor-oil  industi-y, 
from  data  coiiipiled  by  Dougherty'^  of  the  I'nited  States  Bureau  of 
Statistics : 

t'ii'Kt  unil  most  importiitit  i^  itn  line  in  i-oimection  with  <'a]i«i  ilyeing  anil 
pi'inlin|{,  in  the  preparation  of  so-called  "turkey- red  oil"  which  in  Hulphuretted 
i-uator  oil.  a  product  solulile  in  water,  poAsessinK  the  important  property  of 
fixiii);  aniline  ilyea.  The  second  and  prl>bably  the  next  most  important  channel 
ot  cnnnumption  in  the  drug  trade.  It  in  uned  in  China  as  a  cimking  greaBe,  as 
lard  is  used  in  America.  It  is  used  extensively  in  British  India  and  other 
countries  as  an  illuminant.  Australia  imported  789.000  gallons  in  1898  and 
Cape  of  Good  Hope  307,000  gallons  in  1602  for  the  same  purpose.  The  peculiar 
properties  of  this  oil,  which  is  heavy,  viscous  and  non-drying,  adapt  it  for 
lubrication  purposes,  as  is  well  known.  Heavy  petroleum  is  used  more  exten- 
sively only  on  account  of  its  greater  cheapness.  Its  value  as  a  lubricant  is 
suggested  by  the  fact  that  petroleum  products  adulterated  with  resin  are  now 
sold  under  the  name  "machine  castor  .ril."  Castor  oil  also  has  properties  that 
adapt  it  as  a  leather  dressing.  Many  minor  uses  may  be  mentioned  such  as  its 
employment  in  the  manufacture  of  sticky  fly  paper,  and  so-called  "glycerine  soap." 

Proceeg  of  munufaelure. — The  equipment  for  u  castor-oil  mill  is  identical  in 
its  main  features  with  that  of  mills  for  the  manufacture  of  linseed,  cotton-seed, 

"Farmers'  Bull.    (1903),  No.  7,   12. 
"Year  Book,  V.  R.  Dept,  Agr.  ilflO.')),  287. 
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or  coconut  oil  that  is  tlie  inecimnical  unit  of  prod\ietioii  is  the  h\  Iraulie  preis 
Hulling  and  (.rushing  the  needs  is  iinne  ■ensari  Tl  e\  aie  bsnl  picked  and  sub 
mitted  to  hydraulic  pressuie  either  hut  r  loW  T«o  grade'*  of  oil  are  produced 
the  flrst  f  jr  medicinal  use  and  the  uecond  For  the  larious  other  purposes  Une  half 
to  one  pent  per  pound  difference  in  price  exists  between  the  two  ^radea  9  ti  11 
cents  per  pound  being  the  prevailing  pric«  in  the  I  nited  States  The  oil  cake 
called  castor  pomaie  >n  account  of  its  poisonous  properties  has  no  food  talue 
but  it  eontainn  potash  and  phosporic  atid  and  is  eapecially  nth  in  nitrogen 
therefore  it  is  nell  adapted  fir  a  inanunal  The  high  percentage  of  oil  left 
in  oil  cake  b\  commercial  processes  is  said  to  prevent  ijs  rapid  decomposition 
in  the  soil  and  thus  to  prolong  its  fertilizing  effect  In  some  sections  of  the 
United  States  the  castor  pi  mace  is  highh  regarded  aa  a  fertiliMr  for  tobaeto 
In  British  India  uhere  moie  of  this  product  is  made  and  used  than  in 
my  othei  e^untiv  in  the  »oild  it  is  much  esteemed  as  a  manure  for  potatoes 
wheat  oats  and  corn  doo  1  qualities  of  beans  contain  about  45  per  cent  of 
oil  but  the  'vield  extracted  by  manufacturing  processes  in  the  Lnited  States 
approximates  onh  about  32  per  cent  \.t  this  rate  theie  is  obtained  16  pounds 
(2  gallons)    of  oil   and   '^4   pounds  of   pomace   per  bushel   of   50   pounds  of  the 

The  supply  of  the  United  States  is  almost  entirely  denied  from  tuo  widely 
separated  regions  the  first  a  fen  counties  in  Oklohama  Kansas  Missouri  and 
Illinois  the  second  British  India  a  cnuntn  that  has  long  held  the  monopoly 
of  the  commercial  castor  bean  prodiictitn  of  the  worl  1  Statistics  show  that 
probably  tliTee-fourths  and  possibh  four  hfths  of  the  castor  oil  niinufacture<l 
in  the  Lnited  States  is  fiom  impoiti'd  lieans  The  maximum  demand  foi  this 
product  in  the  I  nited  States  is  i  (100  000  gallons  annually  in  lound  numbers 

British  India  is  the  onlj  gieat  castoi  bean  producing  country  the  United 
States  England  France  and  Germany  til  deriving  their  supply  from  this 
particular  sourc-e  The  castor  bean  production  in  the  I  nited  States  has  declined 
steadily  for  }ears  while  the  demand  for  tts  products  has  had  a  steady  upward 
trend  until  as  above  stated  practically  the  entire  supply  is  now  imported 
Several  reasons  for  this  condition  of  things  ma*  be  gnen  The  castor  plant 
being  tropical  in  its  irigin  must  be  aiclimated  in  a  countn  of  late  and  early 
frosts  to  which  the  plant  is  very  susceptible  white  the  land  la  much  more 
valuable  for  the  growing     r  crops  already    tdapted  tn  the   prevailing  climatic 

In  the  Philippine  TslandB  v,e  find  the  plant  pioducing  Abundantly 
under  natuial  conditionh  therefore  much  mav  be  accomplished  under 
proper  cultivation  Furthermore  any  initial  outlay  m  milling  maehiner\ 
w  ould  be  unnecesaarv  as  the  product  can  be  w  orked  up  m  a  Loconut  oii 
mill  We  might  therefore  be  able  to  place  on  this  market  an  oii  for 
purpose'?  of  lubncatinn  and  illumination  which  would  lie  nonedible  and 
whieh  could  he  prodmred  as  cheaplv  aa  coconut  oil  now  m  general  use 
We  are  nearer  to  the  Australian  market  than  ii  Britiifh  India  from 
whence  the  supply  of  castor  oil  ig  brought,  but  most  important  of  all  if 
we  could  supply  the  increasing  demands  of  America  and  thus  divert  the 
large  export  trade  from  Briti-ih  India  to  the  Philippine  Island'',  the  re=ult 
would  warrant  the  exploitation  of  castor  oil  in  the  Archipelago. 
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Table  lU.—Cninpnrimn  of  llie  fertilization  value  of  mini-  Pliilippin'-  wfl  rakeinrilli 
Ihal  of  coVon-seeii  innil. 
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